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Part I._THE ORIGIN OF THE COMMISSION. 


In presenting the report of the second Hyderabad Chloroform Com- 
mission to His Highness the Nizam, the Commission desires to express through 
His Excellency the Prime Minister, Sir Asman Jah, its grateful sense of the 
extraordine d unprecedented liberality and public spirit displayed by His 

ss’s Government in carrying out a work which is not only of scientific 
interest, but of the greatest practical importance to the whole human race. 


The Commission was greatly encouraged in this work by the personal 
st shown in it by His Highness the Nizam, who, accompanied by his Staff, 
visited the laboratory on two special and memorable occasions. 


3. The Nawab Munir-ul-Mulk, son of the late Sir Salar Jung, the Maharajah 
and the Nawab Fakhr-ul-Mulk also paid visits to the laboratory 
and witnessed several of the experiments. 
4, The same interest which was displayed in originating the Commission 
was maintained throughout by the principal officers of His ness the Nizam’s” 
yernment, especially the Jawabs Mohsin-ul-Mulk, Vik -wl-Mulk, Imad-ul- 
Mulk His Highness’s Private Se y, Fatteh Nawaz Jung, and Mr. Furdonji 
Jamshedji, Private Secretary to Sir Asman Jah, 


5. ‘Two Commissions to examine into the allegee dangers of chloroform 
have been appointed by His Highness the Nizam'’s Goy vnment. The first 
Commission, which was appointed i 1888, consisted of Surgeon Hehir, L.M.D., 
President, and two Members, Messrs. J. A. Kelly, L.R.O.P. & S. (Ed.), and 
A. Chamarette, L.M.S. This Commission was applied for by Surgeon-Major | 
E, Lawrie, Residency Surgeon, Hyderabad, because, having always believed in 
the truth of Syme’s teaching that chloroform can be used judiciously so as to do 
good without the risk of evil, he desired to show by experiments upon dogs that 
in death from chloroform the respiration always stops before the heart. This 
point haying been proved, the second Commission was applied for, because it 
was felt that Syme’s principles, which both experience and experiment had 
shown to be practically sound, must he founded upon a firm physiological basis. 
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6. The following letter explains the action of His Highness’s Government 
with regard to the first Commission and the lines on which the experiments 
they performed were conducted :— 


From Surgeon-Major HE, Lawrie, 3.8., Residency Surgeon, Hyderabad, to Surgeon P, Hun, a1,,; 
dated Hyderabad, 18th January 1888, 


In accordance with instructions from His Highness’s Government, conveyed in Major Gongh’s 
Jetter of the 15th instant, a copy of which is forwarded herewith, I haye the honour to inform you 
that a Committee is appointed, consisting of yourself as President and Messrs. A. Chamarette, L.M.LS., 
and J. Kelly, as members, to carry out a series of experiments to test the effects of poisonous doses 
of chloroform on dogs. 


: These experiments should have an important bearing on the way in which the administration of 
the anesthetic onght to be conducted in the human subject. : 


I would suggest that the experiments of the Commission be conducted on the following lines :— 


I, The attention of the Commission should be specially devoted to the effects of chloroform on 
the circulation and respiration, 


II, The chloroform should be administered generally in the same way as it is ordinarily given 
to patients in the Afzul Gunj and Residency Hospitals. 


IM. The dose and rapidity of administration should be yaried in every possible way, and the 
admixture of air with the chloroform should also be varied. 


TY. At least 100 full-grown dogs should be killed with chloroform, and the points to be specially 
noted should be— 
(@ The time taken to bring the dog fully under the influence of the anesthetic, 


() The interval between this and the stoppage of respiration and cessation of the pulse and 
heart’s action, 


} 
* 


(c) Whether the heart is directly affected by chloroform, and whether it ever ceases to beat 
cither in slow or rapid poisoning before the respiration stops. 


(@) The effects of artificial respiration commenced directly the respiration stops, and ab 
varying intervals afterwards, 


Y. The details of procedure will be left to the Commission, and you are requested to submit & 


Report of the work of the Commission at any time convenient to yourself hefore the termination of the 
Official year. 


_ 14. The report of the work of the first Commission, which is republished 
a8 Appendix A, was embodied in the annual report of His Highness’s Medical 
Paperiment for 1888, The experiments of the Commission led them to conclude 
‘3 that chloroform may be given to dogs by inhalation with perfect safety, and 
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without any foar of accidental death, if only the respiration, and nothing but 
the respiration, is carefully attended to throughout,” 


8. In forwarding the report to Government, Surgeon-Major Lawrie stated 
that “ the results of the experiments harmonise with the principles necessary 
for the safe administration of chloroform taught by Mr. Syme, who never had a 
fatal case, and with my own experience, which is founded upon those principles, 
T have killed scores of dogs with chloroform, and in eyery instance death has 
resulted from failure of the respiratory function. I have also given chloroform 
in surgery, without a death, for more than twenty years—during the last fifteen 
years several (five to ten) times every day—and I have never seen syncope or 
failure of the heart’s action produced by it. Finally, it may be mentioned that: 
the Hyderabad Commission have searched the records of accidental deaths from 
chloroform in Great Britain since the year 1855, and they find that there is not 
a single death from chloroform recorded, in which it was proyed that the 
respiration alone was attended to throughout the inhalation”. 


9, The report was forwarded to “ The Lancet” and other medical journals 
in due course, and the reception it met with, as well as the circumstances which 
led to the appointment of the second Chloroform Commission, are rendered 
clear by the following quotations from “ The Lancet”: 


[ Lhe Lancet,” March 2, 1889.] 


In a report of the recent prize distribution at the Hyderabad Medical School, which appeared in 
our issue of February 23rd, some remarks of Surgeon-Major Lawrie, M.B., M.R.O.S., of the Bengal 
Army Medical Service, are mentioned, which deserve some comment, We learn that a Commission 
had been appointed to investigate the action of chloroform, and that the result of the researches 
made upon pariah dogs was that these animals were killed from respiratory failure, and in no case did 
cardiac syncope occur directly. Unfortunately Mr. Lawrie contents himself with bare statements of 
results, adding that these results tally with his own experience, which he believes to be uniquely large. 
Mr, Lawrie, as a disciple of Simpson and Syme, arrives ab conclusions consonant with the teaching of 
those great clinicians, but utterly at variance with the experience alike of experiment and practice as 
carried ont in Hurope. We should require more than the scanty statements of experiments performed 
upon dogs—notoriously nonsusceptible to chloroform syncope—before we could accept the conclusions 
of the Hyderabad Commission when they appear to go in the very teeth of those at which the 
Commission appointed by the Royal Medical and Chirurgical Society and by the British Medical _ 
‘Association arrived, and, further, are opposed to the careful and painstaking experiments of such 
scientific observers as Snow, Claude Bernard,* McKendrick, and others too numerous to mention, 
‘All those who are familiar with chloroform are well aware that syneope, when primary, as a rule super- 
yenes in the initial stages of inhalation, while secondary syncope due to respiratory embarrassment is 
the result of accumulation of chloroform in the blood leading to paralysis of the medullary centres, 


ce 


* This is a mistake on the part of the writer in “ Zhe Lancet,” vide page 19 of this Report, 











and occurs in a late stage of the administration, The primary syncope is rarely, if ever, possible 
to induce in dogs, although, unfortunately, it is this form of gnlonSt ous heart: failure which does 
occur in human beings, and which it is almost impossible to remedy. While welcoming the attention 
paid to the subject by the Hyderabad Commission, we cannot bul feel that, should the Commission 
inculcate a disregard of the heart as a factor in chloroform dangers, it will do harm and provoke a 
slipshod carelessness in the use of that valuable anesthetic which must in the long run do damage to 


the cause the Commission has espoused, 


[* The Lancet,” May 11, 1889. ] 


BY SURGHON-MAJOR B. LAWRIE, RESIDENCY SU: RGEON, HYDERABAD, AND 
PRINCIPAL, HYDERABAD MEDICAL SCHOOL. 


In “The Lancet” of March 2nd, 1889, page 438, there is an annotation criticising certain remarks 
of mine on the subject of chloroform in which the writer states that* “all those who are familiar 
with chloroform are well aware that syncope, when primary, as a rule supervenes in the initial stages 
of inhalation, while secondary syncope due to respiratory embarrassment is the result of accumulation 
of chloroform in the blood leading to paralysis of the medullary centres, and occurs in a late stage of 
the administration,” and that unfortunately it is the primary form of chloroform heart failure which 
oceurs in human beings, and which it is almost impossible to remedy. I have no wish to say any- 
thing to give offence to those who hold the same views as the writer of the annotation, but I hold that 
those views are wrong, and that there is no such thing as chloroform syncope, 





It is conceivable that syncope may occur in the initial stages of inhalation of chloroform, but in 
the course of a very large experience I have never met with a single instance of such an accident, 
and if it ever does occur it cannot be due to chloroform poisoning, though it might be caused by 
fright or shock, Owing to the numerons accidents that have happened with chloroform, to the 
discussions prevalent in the profession, and to the mistaken notion that the risk of heart failure is 
inseparable from its use, the public dread its administration much more than they dread surgical 
operations, and fainting from mere fright in the early stages of inhalation is no less intelligible than 
it is easy to prevent, in cases where it is likely to occur, by a preliminary dose of alcohol, On the 
other hand, it is equally intelligible that syncope may be induced if an operation be commenced in 
the initial stages of chloroform administration, before the patient is rendered insensible to shock by 
being brought fully under its influence. With regard to secondary syncope, “ Zhe Lancet” states 

' that it is due to respiratory embarrassment (throngh the respiratory centre ?)—which is an indirect 
cause, and, in the same sentence, that it is the result of paralysis of the medullary centres (cir- 
culatory 7) from accumulation of chloroform in the blood,—which is a direct cause.t Both these 
statements cannot be true, The truth is that secondary syncope has no more real existence than 
‘primary syncope, In poisoning by chloroform the heart fails when the respiration ceases, and never 
before, With the cessation of respiration, the further accumulation of the drug in the blood neces- 


sarily ceases, and lit heats rapidly or gradually stops beating, as a diréct result, of the stoppage of 
respiration, and as an indirect effect of the poisoning with chloroform. 


oa = The Lancet v asserts that the statements made in my address are utterly ab variance with the 
- experience alike of experiment and practice as carried out in Europe. They are nevertheless based 






_* This sentence should run :— AN those who are familiar with deaths Srom chloroform in hun 


ijeots’—B. L. 
t ey, have interpreted the writer's meaning wrongly, but it does not affect the argument. 
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on the principle taught by Syme and Simpson, in Edinburgh, and long before the Hyderabad Com- 
mission was formed, I had satisfied myself that they are entirely true.* 


The Hyderabad Commission was appointed by the Nizam’s Government to verify or refute the 
opinion that if chloroform is properly given it has no injurious or dangerous effect upon the heart. 
The experiments of the Commission were performed publicly and with every precaution against 
inaccuracy, and the conclusions they arrived at are irresistible. The chloroform was given in every 
possible way, and in no case did the heart become dangerously affected until after the breathing had 
stopped. This is not, as“ 7ke Lancet” avers, a scanty statement of experiments performed upon 
dogs : ib is a summary of the results of more than two hundred complete experiments carried ont by 
the Commission, and it tallies exactly with my own experience. If direct heart failure were one of the 
risks of chloroform, it must haye occurred in some of the administrations which I haye superintended ; 
but I have never seen the heart directly affected by chloroform, nor haye I ever seen the inhalation 
carried so far in human beings as to affect it indirectly, Neither I nor the Hyderabad Commission 
have any desire to “ inculcate a disregard of the heart as a factor in chloroform dangers, and so to 
provoke a slipshod carelessness in the use of that valuable anmsthetic”. Our object is the very reverse 
of this, as a consideration of the difference between the position we take upon this point and that of 
those who hold the same views as “ Zhe Lancet” will show. “ Zhe Lancet” would trust to the heart 
and circulation for signals of danger in chloroform administration, Our contention is that, if the ad- 
ministration is ever pushed far enough to cause the heart to show signs of danger, the limits of safety 
have already been exceeded, and a fatal result must almost inevitably ensue, So far from disregard- 
ing the heart as a factor in chloroform dangers, we say that any affection of the heart, either direct or 
indirect, is the one danger to avoid. But we say further that the respiration invariably gives warnings 
when a dangerous point is approached, and consequently that it is possible to avert all risk to the heart 
by devoting the entire attention to the respiration during chloroform administration, 


T am well aware that these opinions appear to go in the very teeth of the conclusions at which 
the Commission appointed by the Royal Medical and Chirurgical Society and by the British Medical 
Association arrived and “ are opposed to the careful and painstaking experiments of such scientific 
observers as Snow, Claude Bernard, and McKendrick,”t as well as to the teaching of the great London 
Schools. But this opposition is more apparent than real. “ Zhe Lancet” states authoritatively that 
chloroform syncope is notoriously difficult: to produce in dogs. The Hyderabad Commission confirms 
this statement, and says it is impossible to produce it at all, This difference may he fully accounted 
for by the fact that the experiments of the Hyderabad Commission were numerous, while those quoted 
by “ Zhe Lancet” were nob only nob numerous, but many of them were performed under conditions 
which impair their value. Moreover there are certain points connected with the effects of chloroform 
on dogs, which a careful perusal of all their reports has convinced me neither the Commissions nor 
the distinguished physiologists appreciated. In any case I would ask whether anything can be more 
discreditable or unsatisfactory to the whole profession than the present position of chloroform, 
During the last forty years, while enormous progress has been made in every branch of medicine and 
surgery, the position of chloroform has decidedly deteriorated, and the principles necessary for its 
safe administration have been lost sight of, From the date of its finst introduction there was a 
divergence of opinion between the Edinburgh and London Schools with regard to the way we should 








* Vide Lecture reprinted from Indian Medical Gazette for March 1889, Appendix D. 
+ Vide page 19 of this Report, 
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addition to what is already known about chloroform, 








2 _ gnided as to its effects. Upto the time of his death Syme tanght,* “we are gnided as to the effect: 


of chloroform not by the circulation, but entirely by the respiration,” At the tse time panesrey 
was teaching, and still teaches, that} “ when fully aniesthetised the patient ed iy “9 ae ie cs 
watching by the person who administers the chloroform ; his finger should never be off t ye me : 
his eyes taken away from the countenance of the patient.” These are the opinions of tro o he mos 
eminent Surgeons that have ever lived, and they are absolutely irreconcilable. Erichsen s ae 
has undoubtedly been fortified by the misleading conclusions of the Chloroform Commissions, and 0} 
the scientific observers above alluded to, but the Hyderabad Commission has proved that Syme was 
right ; and I haye no doubt whatever that, if his principles were acted on universally, all surgeons 
would find, as he did, that chloroform may be used judiciously so as to do good without exposing 
Chloroform administration constitutes, in my humble opinion, the most 
pressing and important question in the whole range of practical surgery ; and if “ Zhe Lancet wt will 
not accept the conclusions of the Hyderabad Commission, it is incumbent on it to urge the appoint 
ment of a European or joint European and American Commission, composed of men of wide experience 
in chloroform, to confirm or disprove them. 


[Zhe Lancet,” July 18, 1889.] 


patients to the risk of evil. 


We have received a telegram from Surgeon-Major Lawrie to the effect that His Highness the 
Nizam of Hyderabad offers to place the sum of £1,000 from his private purse at our disposal, that 
we may send one or two representatives of “ The Lancet” to Hyderabad to repeat the experiments 
made by the Hyderabad Chloroform Commission (vide “ The Lancet,” Feb, 23rd and March 2nd, 1889) 
and to make any others which we may suggest. We await further details of the offer which, we are 
informed, will be sent by mail. 





[* The Lancet,” September 21, 1889.] 


The Residency, Hyderabad, 18th August 1889, 
Tun Eprrors, “ The Lancet”. 


® §ms,—I am directed hy His Highness the Nizam’s Government to offer “ The Lancet”, as the 
leading medical journal, £1,000 to send out a representative to repeat the experiments of the 
Hyderabad Chloroform Commission and make any others with the Commission, that you may 
Buggest. 


2, The Hyderabad Committee performed a series of experiments of a clinical nature on the 
effects of chloroform on dogs in 1888, and their conclusions were embodied in a report which was 
submitted to Goyernment early this year. 


3. ‘The experiments of the Commission tend to prove that chlorofor i 
ge mm has no direct acti 
upon the heart, and though it is hardly to be expected that their conclusions will be accepted as Hn 


_ hy the whole of the medical profession, their work may be safely said to constitute an interesting 


4, The Nizam’s Government has been advised that if the i 
4 Bie : experiments are continued 
_ smaplifed by the Hyderabad Commission, associated with a trained scientist whose ana ae 


_ * Vide “Laneet;’ Vol. 1. 55, for 182 ere 
4s republish ole the rest wees for 1855. Syme’s original lecture from “ The Lancet” in which this appears 


ee + Vide Brichsen’s Surgery, Vol. I., page 14, 
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attainments will ensure the acceptance of his opinions by the profession, the subject might be threshed 
out thoroughly, and the question whether chloroform does or does not affect the heart directly, and 
other questions connected with it, might be settled once for all, ; 


5. His Highness’s Government therefore desires to offer £1,000, a cheque for which is forwarded 
herewith, to the Editors of “ Zhe Lancet,” to send a representative to Hyderabad to repeat and 
continue the experiments of the Hyderabad Chloroform Commission and make with them any others 
that “ The Lancet.” chooses to suggest. 


6. If His Highness’s offer is accepted, the gentleman selected should take a return ticket by 
P. and O. via Brindisi for three months, to be extended if necessary, and he will be the guest of 
the Nizam’s Government during his stay in Hyderabad. 


7. The Hyderabad Commission undertake to place themselves entirely at his disposal, and will 
act under his direction. 'The Commission will provide all instruments and appliances and everything 
which may be required for the experiments, and will, without bias, do all in their power to assist the 
representative of “ Zhe Lancet” in arriving at the truth, 


T have, &e., 
Ep, LAWRIE, Suncxon-Masor, 
Residency Surgeon 
[ The Lancet,” September 21, 1889.] 


On another page we print Surgeon-Major Lawrie’s letter containing details of His Highness the 


~ Nizam of Hyderabad’s offer to place at the disposal of “Zhe Lancet,” as the leading medical journal, 


the sum of £1,000 to send out a representative to repeat the experiments of the Hyderabad Chloro- 
form Commission, and to make any others that we may suggest. This offer we have cheerfully 
accepted. There are many young men of great ability and thorough scientific training who could 
haye done this work exceedingly well ; but in accordance with the Nizam’s desire that we should 
select a man who is not only a trained scientist, but one whose position and attainments will ensure 
the acceptance of his opinions by the profession, we have requested Dr. Lauder Brunton, F.R.S., to 
act as our representative, and he has consented to set out for Hyderabad on October 4th, which is 
the-earliest possible opportunity. Dr. Lauder Branton has not only devoted much time to phar- 
macological work for more than twenty years, his first contribution on the action of nitrite of amyl 
haying appeared in our columns in 1867 ; but the fact that his large work on “ Pharmacology and 
Therapeutics,” which appears also in an American edition, has been translated into French, and is 
now being translated into German, Italian, and Spanish, shows that he is regarded as an authority 
in other countries as well as our own, It may perhaps be considered as a farther advantage that in 
this work Dr. Lauder Brunton has very decidedly stated that one of the dangers resulting from 
chloroform is death by stoppage of the heart. “ Audi alteram partem” is the motto of an important 
section of “ Zhe Lancet,” and we think that by getting both opinions regarding the effect of chloro- 
form on the heart represented on the Commission, as they will be by Dr.Lauder Brunton and Surgeon- 
Major Lawrie, we are more likely to obtain a correct conclusion, ‘The question whether chloroform 
paralyses the heart or not is one of the greatest possible practical importance, for upon its correct 








. "ys P d. 
solution the lives of thousands of people and the happiness of thousands of ee ee mgien 
Both in Europe and America clinical experience and physiological experiments have Jo a on 
clusion that it has a paralysing action on the heart, while ether exerts such an action in a very mim 


fea i i is vi in America 
degree, if at all Tn consequence of this ether is now largely used in this country as well as in A 
he) i 


for producing anwsthesia im surgical operations, in spite of the greater eee Cah haere a 
of chloroform. It is almost impossible to believe that the conclusion at which enh st es * 
can surgeons and scientists have arrived is, after all, destitute of foundation, and pus os , si 4 
idle dream. When we find, then, that Dr. Lawrie and the N fizam’s Commission ae bas . mi i 
entirely opposite conclusion, it is natural that we should hesitate to accept hy ev ae hee i 
the report of the Commission appears to show that the number of experiments per a " hd 
only large, but the results were so uniform that the conclusion arrived at, es thap c ; op : ne a 
not paralyse the heart, but kills by stopping the respiration, may fairly be ee be i ia A a 
animals experimented on and for the conditions under which the experiments were perfor me ‘ uF 
if we grant this, we are ab once confronted by the next problem: Why do the ‘eaulta of the Cie 
Commission differ from those of European and American investigators? Is it because the experi- 
ments in India were carried on in a warmer climate ? Or is it because the animals experimented on 
were peculiarly resistant to the action of chloroform ? These questions can only be answered by 
further experiments, which can hardly fail to be of practical utility, even if they afford only a partial 
solution of the problem. For Surgeon-Major Lawrie states in his letter, which appeared in our issue 
of May 11th, that the results of the experiments carried out by the Commission tallied Sratly with 
his own experience. In the correspondence which occurred on the subject in “ Zhe Lancet soma 
writers agreed with Dr. Lawrie, while others supported the opposite view. We may perhaps fairly 
call these two views those of the Edinburgh and London schools. In the Scotch capital failure of 
respiration is regarded as the chief or only danger, while in the metropolis failure of the heart is more 
feared, It is quite possible that the surgeons in both cities are right, and that the habits or mode of 
living of the people may lead to differences in the resisting power of the cardiac or respiratory appa- 
vatus respectively. ‘The proportion of gouty patients is much larger in London than in Edinburgh, 
and when we consider that the natives of India appear to resemble the Scotch in their comparative 
immunity from cardiac paralysis by chloroform, it will be advisable for the Commission to ascertain, if 
possible, what the conditions are which enable the heart either in dogs or men to resisb the power of 
chloroform or which lead to its stoppage during the administration of the drug. It may nob he 

~ possible to work out completely all the questions which may arise, but if the Hyderabad Commission, 
with the aid of Dr. Lander Brunton, can settle definitely the question whether chloroform does or does 
not affect the heart directly, a most important practical object will have been attained by means of the 
Nizam’s generous offer, 


10. The opinions held by the medical profession in Great Britain may be 
fairly judged from the aboye quotations from “ The Lancet.” There is no doubt 
they were and are largely influenced by the experimental results obtained by 
_ various observers, and more especially by the Committee of the Royal Medico- 

Chirurgical Society and of the British Medical Association or Glasgow Com- 
_ mittee, Both these Committees arrived at the conclusion, from a very limited 
_ number of experiments, that chloroform lowers the blood-pressure, while ether 
ae does not, The Glasgow Committee went further, and not only stated that 











a 





9 


chloroform lowers the blood-pressure and paralyses the heart, which ether never 
does, but drew the important conclusion from experiments on one dog only 
that this action is sometimes exerted in an unexpected and capricious manner 


11. The state of opinion regarding chloroform in America may be inferred 
from the statements made regarding it in the last edition of H. C. Wood's 
“Therapeutics,” one of the best American works on the subject. He says: “Ag an. 
anesthetic chloroform possesses the advantages of quickness and pleasantness 
of operation, smallness of dose, and chea pness. These advantages are, however, 
so out-balanced by the dangers which attend its use that its employment under 
ordinary circumstances is unjustifiable, It kills without warning so suddenly 
that no forethought or skill can guard against the fatal result, Tt kills alike , 
the robust and the weak, the well and the diseased ; even the previous safe 
passage through one or more inhalations isno guarantee against its lethal action. 
Statistics seem to indicate a mortality of about one in three thousand inhalations, 
and hundreds of utterly unecessary deaths have been produced by the extra- 
ordinary persistence in its use of a portion of the profession. It ought never to 
be employed except under special circumstances, as when a speedy action is 


desired in puerperal eclampsia or when the more bulky anesthetics cannot be 
transported as in the field in war time.” 


4 12, These passages from the work of one of the greatest authorities on 
the subject in America show that in that continent chloroform is reo i 
somewhat of the same disfavour with which it is looked upon a i: 
probably upon the same grounds. Although the experiments of the Hiydanateas 
Commission are much more numerous than those made in any previous inyesti- 
gation, yet their number is infinitesimal in comparison with the number of times 
anesthetics have been given all oyer the world, and each administration may 
he regarded as an experiment on the action of the particular anesthetic employed. 
When it is considered that, after so many administrations, or experiments asthese 
may be termed, on the human subject, opinions are so divided in regard to the 
action of chloroform as at present, we cannot think that the conclusions at which 
the Hyderabad Commission have arriyed will necessarily carry conviction to 
those who hold opinions opposed to them, ‘The objection may be made that the 
Hyderabad experiments have been made on the lower animals, and, h 1 







for man. To this objection it is a sufficient answer th 
paralysing the heart is based on the results of 


than on clinical experience, Dea 
2 

















ether as well as of chloroform, and itis not the deaths during operations, but the 
observations on blood-pressure and on the action of chloroform on the exposed 
or excised heart which have led to the unfounded dread in the profession that it 
may paralyse this organ when given as an anesthetic. 


13. But there is still another difficulty ;—however fair and impartial the 
Hyderabad Commission may try to be, and even though those who differ from 
them may credit them with care, honesty, and impartiality, its conclusions will 
always be open to the objection that the Commission may be mistaken, and any 
mistake on its part would be all the more fatal and disastrous, because its con- 
clusions would be very difficult to disprove since they are founded on sucha 
mass of experimental evidence as has never been collected before, and is hard| y 
likely to be collected again at least for many years. To avoid such a possibility 
the Commission have tried, as far as possible, to give the experimental data from 
which their conclusions are derived, so that at any future time and in any part 
of the world these data will be as available to others as to themselves, and may be 
used by them either for the purpose of criticising the Commission’s conclusions 
or drawing conclusions of their own. The utility of such a course has been im- 
pressed upon the Commission during the progress of this investigation by the 
example of the Glasgow Committee which they have followed. The Glasgow 
Committee drew from one experiment alone the sweeping conclusion that 
chloroform has sometimes an unexpected and capricious effect on the heart's 
action, and that ‘the occurrence of the sudden and unlooked-for effects seems to 
he a source of serious danger.”’* This conclusion is obyiously of the utmost im- 
portance in regard to chloroform and, if correct, would justify the condemnation 
of its use by the American author already quoted. If the Glaseow Committee 
had only given their conclusions, it would haye been very difficult indeed to 
disprove them; but fortunately they have published a copy of the manometer trac- 
ing on which these conclusions are founded, and an inspection of this leads in- 
eyitably to the belief that the sudden and unlooked-for effects on the heart’saction 
which the Committee attributed to chloroform are not really due to it at all, but 
are due to irritation of the vagi quite apart from the action of the anesthetic, and 
are the results of accidental asphyxia. ‘The Commission haye followed the ex- 
cellent example of the Glasgow Committee and reproduced by photography the 
tracings on which their opinion is based, so that all those who look at them and 
compare them with the tracings of the Glasgow Committee, which they haye also 
B eproduced, may judge for themselves and form their own opinions on the subject 





* Vide page 116, Experiment No, 148, Observation Q, 








ital 


14, Dr. Lauder Brunton and Surgeon-Major Bomford arrived in Hyderabad 


on the 21st of October 1889, and the second Commission was constituted at once 
as follows :— 


Surgeon-Major E, Lawrie, M.B., Edinburgh, Presédent. 


Dr. T. Lauder Brunton, F\R.S., 
Surgeon-Major Gerald Bomford, M.D,, London, 


ij Members, 
Dr, Rustomji, H. H. the Nizam’s Medical Service, 


Seeretary,—Dy, Bomford, 


15. Associated with the second Commission were the President and Mem- 
bers of the first Commission, wz, :-— 


Surgeon P. Hehir, M.D., President, 


Mr. J. A. Kelly, L.R.G.P, & 8, (Ed.), L.F.P, & S. (Glas.) 
My, A. Chamarette, L.M.S. 


| Members. 
The Commission is yery much indebted to all the gentlemen mentioned, as 
well as to Mr, William Mayberry, who gave chloroform ; but is especially i to 
Dy. Arthur Chamarette, to whose energy and fertility of resource the success of 
the experiments is mainly due, The Commission also desires to thank Mr, Tripp. 
the Deputy Principal of the Medical School, and Mr. Carroll, His ENghauis 


the Nizam’s Medical Storekeeper, for much yaluable assistance ungrudgingly 
afforded. 


16, ‘The Commission commenced work on the 23rd October and met daily, 
except on Sundays and holidays, from 7 a... till 5 p.t, until the 18th of Decem- 
ber, when the experiments were concluded. 


17, The Commission was divided into two Committees: one, which 
will be referred to throughout the report as the Committee, was composed 
of Drs. Lauder Brunton, Bomford, Hehir and Chamarette ; the other, 
which will be referred to as the Sub-Committee, was composed of Dr. Rustomji, 
Mr, Kelly, and Dr. Gay (who volunteered to help), assisted by students. 


18. The Committee first of all performed twenty-seven experiments, num- 
bered from 1 to 28, omitting 25, which was a manometer experiment, to test the 











13 
ork of the first Commission, From No. 29 the Committee were employed 4 plicated by asphyxia and by the administration of certain drugs subottaweouEl 
O apely with blood-pressure experiments. The ordinary experiments, per- before the chloroform inhalation was commenced += 
rer sub- ittee 
r i recording apparatus, were then made over to the Sub-Committee, : a 
ae ee oa is ay ae room under the supervision of the } Tntorval of time Between stoppage of respiration and stoppage of heart, 
which con the s 





Gommanion: | The heart stopped beating under 1, 2, 8, 4, 5, 6, 7,8, 9,10,11,12, minutes after the stoppage 
of the respiration. 















19. The experiments of the Sub-Committee are numbered continuously i} | 7 1 5 
with those of the Committee, so as to form a consecutive series and facilitate 2 Tn Dogs, cl 
reference, { In uncomplicated cases ... thos 53/32/16) 8| 3| 2] 2 41... 171 

Tn cases complicated— | | 
(a) by very slow and prolonged administration ...! 2'.. } 
Part IL—-GENERAL EXPERIMENTS WITHOUT @)_ by asphyxia wm oS ri 
Tn Monkeys, 
RECORDING APPARATUS. 
In uncomplicated cases +. ie 26 
m | 
In Dogs, | 
20, ‘The experiments of the Sub-Committee, together with the first 28 
i 430, and are divided i Injeoted with cocaine into peritone 
performed by the Committee, form a total number of 430, and are divided into pete Sunt cocaine ie see naa 
seven sections. These experiments are recorded in a tabular form at Appen- 











dix B, 268 dogs and 31 monkeys were killed outright, and 86 dogs and 39 
monkeys were subjected to artificial respiration at varying intervals after the 
natural respiration had been arrested with chloroform, The animals which were Sea Oo 
killed had chloroform administered to them in eyery possible way and under inca 


Do, strychnine 














ae + ‘ ” Atropine 
every conceivable condition, A large number of dogs were killed just as they 
were caught in the bazaars; others at various intervals after having heavy meals 2 a rik. 
of meat or farinaceous food or fat ; others fasting ; others after the administra- | » Morphine Gr, } strychnine | 
tion of Liebig’s extract of meat, coffee, rectified spirits of wine or ammonia. ) i » yy # atropine 
Most of these animals were healthy, but some of them had cardiac disease and in q 5 ets | 
many the heart and other organs were rendered fatty by the previous adminis- a ieee, f 
tration of phosphorus. In a large number of cases morphine, strychnine and i Tee i 
atropine, singly and in combination, were given by subcutaneous injection at in- ; erie h 


He eee en come tooo comes cece no bono 


fi ” ” ” 


teryals before the inhalation was begun. Chloroform was given with and 
without inhalers in the vertical and recumbent positions; in glass and 
wooden boxes ;in large and small doses ; by being pumped into the trachea 


» Morphine Atropine Strychnine. 
‘i ard Burbs Shr 
7 1 
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with bellows ; and infact inevery way that could suggest itself to the Commission. : ab Ey 4 

| : 5 ; tt ré0 i 
. 21, The results in one respect are uniform. In every case where chloro- ‘ ESS c ; 
” » 1b 1 8 














form was pushed the respiration stopped before the heart. The following 
table shows the interval of time between the cessation of respiration and of the 
heart's action in dogs and monkeys in uncomplicated cases, and in cases com- FAL! 
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of natural respiration, Of these five died. In three cases artificial respiration 
was begun fifteen seconds after the natural respiration ceased, and of these two 


a ne 


te 22, The movement of the heart was in the first 66 cases of the Sub-Com- 


mittee tested by auscultation, but afterwards by a needle inserted through the 
chest-wall into the organand the thoracic cavity was laid open when doubt existed. 


23. In the majority of the uncomplicated cases, which include those fed in 


recovered and one died. In three cases in which artificial respiration was com- 
menced twenty seconds after the respiration stopped, two out of the three died ; 
and, lastly, in six cases where artificial respiration was not commenced till thirty 


different ways before inhalation, the heart ceased to act in from two to six 

} nts 
minutes after stoppage of the respiration. In one uncomplicated case the heart’s 
action ceased within one minute after the breathing stopped. The heart ceased 


seconds afterwards five died and one was revived, The average of those cases 
that were revived was 17:6 seconds and of those that died in this series, 26-4 
seconds. ‘This opinion was tested by blood-pressure experiments Nos. 162 and 


= 





within one minute after the respiration stopped in two cases where the inhala- 
tion was very slow and prolonged, in four cases complicated by asphyxia, and in 
one where the subcutaneous injection of morphine gr, § and strychnine gr. pio 
was administered beforehand. The maximum time the heart continued to 
beat after the respiration ceased, in the experiments of the Sub-Committee, was 
eleven minutes in a dog and twelve in a monkey. 


24, The effects of chloroform do not appear to be interfered with or much 
influenced by any of the variations in the method of preparation of the animal 
for or of the administration of, the anesthetic. There are four general excep- 
tions to this statement. In very slow and prolonged administration, and in 
cases complicated with partial asphyxia, as well as in one case where one-third 
of a grain of atropine was administered before the inhalation, the heart stopped 
yery soon after the respiration ceased ; and inall cases where the inhalation was 
accompanied by struggling the animals became insensible with unusual rapidity. 
In these cases also the interval between the cessation of respiration and the 
timé of possible restoration by artificial respiration was shortened. (Vide 
tables in Appendix B.) 


25. As regards the restorative effects of artificial respiration the Sub-Com- 
mittee found it was nearly always successful if commenced within thirty seconds 
after the respiration ceased, very seldom successful if commenced between thirty 
and sixty seconds after, and always unsuccessful if not begun till after sixty 
seconds. In forty-four cases, in which artificial respiration proved successful, it 
was commenced on an average 28'2 seconds after natural respiration ceased. 
In thirty-eight unsuccessful cases the ayerage was 31:5 seconds, 


26, The Sub-Committee formed the opinion that artificial respiration was 
less successful in restoring the respiration after it had been stopped by chloro- 
form im cases where a subcutaneous injection of morphia was administered before 

the inhalation wascommenced, There were eighteen cases inwhich this was tried. 





| 
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178, the results of which did not support their conclusion. 


Part I11.—EXPHRIMENTS WITH RECORDING 
APPARATUS. 

27. ‘The experiments carried out by the Committee with self-recording 
apparatus consist of Nos, 25 and 29 to No, 185 inclusive. In a certain number 
of cases the animal died accidentally before it was ready to be attached to the 
manometer, and in others for yarious reasons the experiment was not completed; 
but for the sake of conyenience they have all been left in the order in which they 
occurred, and are described servatim in the explanatory notes, A full descrip- 
tion of the kymographs, with the aid of which the blood-pressure experiments 
were carried on, is given in page ; and all these experiments are 
illustrated by photographs of the kymographic records. A few of these plates 
illustrate experiments in which the moyements of the heart only were recorded 
by a simple apparatus, which is also described in Appendix A, In eyery case 
in which a tracing was obtained it has been without exception preserved, and is 
reproduced in this report by photography. In this way the whole of the work 
of the Committee recorded by the manometer has been rendered ayailable for 
study at any time by any one who is interested in the subject. The photographs 
are on a reduced scale, but with the aid of a 2 or 3-inch lens and perusal of the 
explanatory notes, on the page opposite to them, the reader will have no difficulty 
in deciphering and understanding the remarks recorded on the tracings. The 
explanatory notes which were written partly at the time of, and partly im- 
mediately after, each experiment, were made from the remarks which were 
recorded on the manometer during the course of the experiments, It is impossible 
to arrange the manometer experiments so as to group together those which appear 
to illustrate particular points, because almost every experiment includes a variety 
of procedures which suggested themselves at the time as likely to elucidate 
something in the action of the different anesthetics employed. An index is printed 
at the end of the plates, in which the anesthetics or drugs given to the different 
animals, the operations performed upon them, the actions of interest taken in them, 





__ In the first six artificial respiration was commenced eight seconds after cessation 


ei 














and the changes of every kind which occurred in their condition, are referred 
to the number of the experiments in which they took place. 

98, The majority of the experiments were made upon dogs or monkeys, 

and a few upon horses, goats, cats and rabbits. ree 

29, The experiments of the Committee were designed to show a, ‘ el 

upon the blood-pressure, heart, and respiration of the inhalation of ¢ we n a 
ether, and the A. C. E. mixture, administered in various ways and me er vary 
ing conditions. The objects of the Commission were five in number :— , 
T, To test the suitability and safety of chloroform as an anesthetic. 
The experiments with ether and the A.C.E, mixture were instit uted 
principally for the sake of comparison with chloroform on certain 
points, and it is not pretended that they afford a complete exposi- 
tion of the action of those agents on, the system. 

Il. The effect of pushing the above-named anesthetics, (a) toa dangerous 
degree, and more especially until the respiration ceases, (2) until 
death results. 

Ill. The modifications in the effect of these anesthetics which result from 
(a) asphyxia in varying degrees and produced by various means (4) 
from the use of drugs such as morphine, atropine, physostigmine 
and others. 

IV. The reality or otherwise of the alleged liability during ordinary 
chloroform administration to the occurrenceof primary or secondary 
syncope or stoppage of the heart, brought about either by shock or 
through fatty or weak heart, or by hemorrhage, or by changes in 
the position of the body. ‘To investigate these points, in the first 
place, a large number of operations which are reported to be 
especially dangerous in reference to shock were performed in 
every stage of anesthesia, and numerous experiments were also 
made to show the effect of direct irritation of the vagus. Secondly, 
a number of animals were dosed with phosphorus before they were 
experimented on, ‘This caused weakening of the heart by fatty 
degeneration of its fibres, but at the same time other complicated 
changes in the whole of the organs of the body not met with 
in the condition known as fatty heart in human beings. On the 
other hand, there are conditions often met with in the fatty 


heart, such as changes of the coronary vessels, which were not 
produced by the phosphorus. 
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The effect of the anesthetics above mentioned upon different animals, 


more especially upon monkeys, as the nearest approach to human 
beings. 


30. The conclusions to which the Commission has been brought by the 
study of these experiments are the following :— 


(1) Chloroform, when given continuously by any means which ensures 
its free dilution with air causes a gradual fall in the mean blood-pressure,® pro- 
vided the animal’s respiration is not impeded in any way, and it continues to 
breathe quietly without struggling or involuntary holding of the breath—as 
almost always happens when the chloroform is sufficiently diluted. As this fall 
continues the animal first becomes insensible, then the respiration gradually 
ceases, and, lastly, the heart stops beating, If the chloroform is less diluted the 
fall is more rapid, but is always gradual, so long as the other conditions are 
maintained ; and howeyer concentrated the chloroform may be, it neyer causes 
sudden death from stoppage of the heart. The greater the degree of dilution the 
less rapid is the fall, until a degree of dilution is reached, which no longer appre- 
ciably lowers the blood-pressure or produces anesthesia. 


(2) Ifthe inhalation is interrupted at any stage, the fall of pressure still 
continues at a rate which depends altogether on the rapidity of the fall while 
the chloroform was being inhaled, This after-fall is probably due to absorption 
of a portion of the residue of chloroform in the air-passages after the stoppage 
of the inhalation. In this way it often happens, if chloroform is given rather 
freely, that though the respiration may be going on when the chloroform is 
discontinued, it afterwards stops. 


(3) Ifthe administration of the chloroform is stopped at an early stage the 
pressure very soon begins to rise again, and gradually becomes normal ; but if 
the chloroform is pushed further, there comes a time, not easy to define, when 
the blood-pressure and respiration will no longer be restored spontaneously, 
although the heart continues to beat after the inhalation is stopped. 


(4) If the fall has been very gradual, it may occasionally happen that the 
respiration stops completely, and still the blood-pressure rises again, the respira- 
tion recommencing spontaneously in the course of the rise, In the same way 
when the inhalation has been discontinued, the respiration may stop during the 








* Vide especially 168, 169 and 170 and Experiment No, 186 of March 6th, 1890. 
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after-fall of the blood-pressure and begin again spontaneously. As a art if 
the respiration has stopped, or even becomes slow and feeble at the time when 
the inhalation is discontinued and artificial respiration is not resorted to, the fall 
in blood-pressure will continue until death ensues. 


ntly disturb the gradual fall of 


(5) There are two conditions which freque rad 
breath, and it is only by 


the blood-pressure, v22., struggling and holding the 
great care that they can be avoided in animals, 


(6) Struggling, independently of any change in the respiratory rhythm, 


appears generally to raise the blood-pressure.” 
_ weakened from phosphorus} the pressure fell every time he struggled. 


In one case of a dog much 


(7) When struggling is accompanied, as it often is, by acceleration of the 
respiration and pulse, especially if the respiration is deep and gasping, it leads 
to a more rapid inhalation of chloroform, and consequently to a more rapid fall 
of blood-pressure and a greater after-fall, In order to keep the chloro form cap or 
inhaler in its place during the animal’s struggles, the administrator is obliged to 
hold it down more tightly over the nose and mouth, and this-materially assists 
in hastening the rapidity of the ‘nhalation, and consequently of the fallin blood- 


pressure. 


(8) ‘The effect of involuntarily holding the breath, which, as anybody 
can prove by experiment upon himself, must happen when an inhaler saturated 
with chloroform is first applied to the face, is much more remarkable, the pres- 
sure often falling with great suddenness while the heart’s action is markedly 
slowed.{ As soon as the animal draws breath again the pressure rises as 
suddenly as it fell, but the gasping respiration which succeeds then causes very 
rapid inhalation of chloroform with immediate insensibility and a rapid fall of 
blood-pressure which quickly becomes dangerous. 


(9) The combination of struggling with alternate holding the breath and 
gasping, which results if chloroform is applied closely to the face without sufli- 
cient dilution with air, causes violent fluctuations, and then a speedy fall of the 
blood-pressure, which very soon leads to a dangerous depression with deep 
insensibility and early stoppage of the respiration. The after-fall under these 
circumstances is rapid and prolonged. It is this combination of events which 
causes struggling anima!s te go under chloroform so quickly, 


3 * Vide Experiment No, 82, 
{ Be: No, 161. See also Experiment No. 188. 
is 1» Nos, 103, 119 Fick 2, 157 Fick 4, and many others, See Index under “ Breath-holding”, 
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P (10) The effect of holding the breath may occasionally cause a temporary 
fall of blood-pressure after the chloroform inhalation has been stopped® or 


even when the animal is quite out of chloroform,t This fall is recovered from 
directly the animal breathes again. 


(11) Slight continuous asphyxia, such as is produced by pressure on the 
neck by straps, a badly fitting muzzle, or hindrance of the chest moyements b 
the levs being too tightly bound down, gives rise to exaggerated and smear 
oscillations of the blood-pressure, and slowing and irregularity of the heart's 
action. If it leads to, or is accompanied by, deep gasping inspiration, it is apt 
like anything else which causes this, to increase the intake of chloroform aiid 
bring about a rapid decline of blood-pressure. 





(12) Complete, or almost complete, asphyxia, as by forcibly closing the 
nose and mouth{ or closing the tracheal tube after tracheotomy,§ has an effect 
similar to, but more marked than, that produced by holding the breath, and the 
character of the trace corresponds precisely to that produced by irritation of the 
peripheral end of the cut vagus. The pressure falls extremely rapidly, some- 
times almost to zero, and the heart’s action becomes excessively slow or even 
stops for a few seconds. If the Fick trace of Experiment No. 148 be compared 
with the photographic reproduction of trace A of the Glasgow Committee, it 
will be seen that they are identical, and that the slow action of the heart with 
great fall of pressure, which the Glasgow Committee attributed to some capri- 
cious action of chloroform upon the heart, was undoubtedly due to asphyxia. 


(13) This effect of asphyxia is the result of stimulation of the vagi. The 
proof of this is (a) that the trace corresponds exactly, as stated above, to that 
produced by direct irritation of the vagus ; (0) division of both vagi entirely 
| and (c) the administration of atropine which paralyses the vagus 
also abolishes it.{] 


abolishes it ; 





(14) In trace 158 (Fick 4), which was taken during asphyxia after a full 
dose of atropine, it will be seen that there is an alternately slow and rapid pulse 
according to the phase of the respiratory moyement ; but no continued slowing 
of the heart as in vagus irritation. But there was still a distinct fall of pressure 
after the atropine when the breath was held, and it was thought that the slow- 
ing of the pulse above noted in this condition might be due to the disturbance 
of the heart from tension in the pulmonary vessels in the absence of respira- 





* Vide Experiment No. 157, Vide Experiment No, 185, Vide Experiments 148, 150, 151, 
§ Vide Experiment No, 66, || Vide Experiment No, 160. Vide No, 158, Fick 4. 











To test this point Expert- 
e's chest was forcibly 


inflated with bellows eonnected by a tube with the trachea, and the effect of 
this proceeding was to caus® a fall of pressure and slowing of the heart exactly 
the same as in involuntary holding of the breath. ‘The dog was then poisoned 


hich inflation of the chest still caused a fall of pressure, 


with atropine, after w 
but without slowing of the heart (vide Fick Nos. 8 and 9). ‘Tho fall of pressure 
ation, which however usually 


must be in some degree independent of vagus irrit 


tory movement yather than to irritation of the yagi. 
ment No, 184 was instituted. In this experiment the do, 


accompanies it. 

(15) It only yemains to be considered whether the slow action or tem- 
porary stoppage of the heart with great fall of pressure produced by vagus 
irritation is in itself an element of danger in chloroform administration, and if 
it is not, wherein the danger actually lies. 


(16) ‘The experiments in which deliberate irritation of the vagi was 
carried on during anesthesia show unmistakably that irritation of these nerves 
diminishes rather than enhances the danger of anesthetics. The effect upon 
the heart is never continuous, and as the vagus becomes exhausted, or when 
the irritation is taken off, the blood-pressure rises again, as it does when the 
same result is produced by asphyxia. The slowing of the heart and circulation 
which is produced by irritation of the vagus by any cause, such as holding the 
preath in chloroform administration, retards the absorption and conveyance of 
chloroform to the nerve centres just as holding the breath, whether voluntary 
or involuntary, prevents chloroform from entering the lungs ; and of itself slow- 
ing or temporary stoppage of the heart in chloroform administration is not 
dangerous. 

(17) To answer the second part of the last question in para. 15 is easy 
enough, if it is kept in mind that the effect of vagus irritation upon the heart is 
never continuous ; and in chloroform administration as the pressure rises again 
afier the slowing of the heart and temporary fall of pressure produced by any 
form of asphyxia, violent respiratory efforts with bounding heart’s action lead, 
as in the case of struggling, to a rapid and dangerous inhalation of chloroform 
and consequent rapid and dangerous decline in blood-pressure. It is, in fact, 
the temporary exhaustion of the yagi after stimulation that is to be feared, and 
not the actual stimulation as long as it is continued, 


(18); In accordance with this fact it will be found that in chloroform ad- 
ministration neither holding the breath, even if inyoluntary, or vagus inhibition 
can be kept up beyond a certain time ; and if the chloroform is not removed from 
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the face, one or both of two things may happen : (1) when the animal breath 
ee it nae deep ee gasping inspirations, the lings become filled with tere 
rm, and an oyer-dose is taken in wit y rapidity ; 5 
restraining influence of the vagus is ee oe the Meee A " er . 
ceasing or the nerve becoming exhausted, the heart pont on seh : a ae 
se ae ey in proportion. The blood then coomes extol nea 
with chloroform, and an oyer-dose is at once convey ; 
theory which has hitherto been accepted is A we a ‘chk a a oe 
Pe consists in the slowing or stoppage of the heart by vagus ae 
nis is now shown to be absolutely incorrect. There is no doubt what an 
the controlling influence of the vagus on the heart is a safeguard bee Es 
the exhaustion of the nerve which is dangerous. ie 


(19) It can be readily understood how a condition in which th Ise i 

rapid and bounding with high blood-pressure leads to more rapid ¢ b ; Le ae 
chloroform from the lungs, and a more rapid propulsion of the hon if dee 5 
try the medulla oblongata, and consequently to a more rapid 2 ge: an 
Bespiratory and vaso motor centres and precipitous fall x Ge leeds oe 
Such a condition is produced m some cases by ether or by division of eric 
or by a full dose of atropine.t Not only ts the poisoned Blood: car ried a 

swiftly to the vital centres in these cases, but added to this there ‘athe ie 
as the heart is already doing its utmost before the chloroform is ieee - Bee 
able to stave off by increased work the fall in pressure that oon ee hes =f 
motor centre is paralysed. On the other hand, it seems clear from Ex ne 
No. 92 that the direct action of chloroform upon the heart’s Bre ie: 
cause of the fall of pressure that occurs when it is inhaled. ee 


(20) In Experiment No, 92 repeated injections of 20m. of chlorofor y 

made into the jugular vein, and its effect was not to paralyse the per % 
produce anesthesia and a gradual fall of blood-pressure exactly as if ‘his ih ‘ 
form had been inhaled. In Experiment No. 72, after a considerable a: pest 
ether had been injected into the jugular vein, and a bounding proeets 
had been produced, the effect of injecting chloroform into the jugulars oe : ee 
greater, and the fall of blood-pressure much more rapid and dangerous sa 

the case when chloroform alone was injected. Granting then the ‘rai of Ringe < 
conclusions from experiments on the frog’s heart (which haye not been re ae 
and confirmed by the Commission) that chloroform has a gradual ae 
effect upon the heart’s tissue, we must conclude that such an effect, eae ae 





* Vide Nos, 151 and 156, } Vide No. 80, 
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in which ‘alone tt could occur in the practical inhalation of chloroform, would 
rather be a source of safety than of danger. 


(21) The Committee discussed the advisability of eutting the ate ae 
time previous to experimenting on the blood-pressure with ob lSpoisgne is 
effect of this procedure is to cause continuous rapid action and tendeney to 
exhaustion of the heart, as well as to degeneration of the terminal branches of 
the nerves in the heart if the animal live sufficiently long. Such experiments 
might be of some interest theoretically, and also have had a practical bearing 
upon the condition of the heart in certain cases of chronic alcoholism ; but the 
Committee decided not to perform them as it considered the end to be gained did 
not justify the pain they would have inflicted. 


(22) In Experiment No. 178, the case of a dog that had had morphine, 
remarkable slowing and even temporary cessation of the heart’s action occurred 
again and again at the same moment as the respiration stopped,° but the heart 
invariably recovered itself, and began again to beat regularly before any ateps 
were taken to restore the animal, and without any respiration occuring. 
We find in this case that it was possible to restore the animal even after un- 
usually long intervals had been allowed to elapse between the cessation of the 
natural, and the commencement of artificial, respiration. ‘The failure of the 
heart, if such it can be called, instead of being a danger to the animal, proved 
to be a positive safeguard by preventing the absorption of the residual chloro- 
form and its distribution through the system. 


(23) The effect of artificial respiration after the natural respiration has 
ceased, is to cause an alternaterise and fall of small amount in the blood-pressure, 
the trace thus formed upon the drum being a coarse imitation, altered some- 
what by the shaking of the table, of the natural respiratory curve. The differ- 
ence consists chiefly in the fact that the artificial rise and fall is more abrupt 
than in natural breathing, and that the rise always coincides with expiration or 
compression of the chest. After artificial respiration has been continued for a 
certain time, the blood-pressure begins to rise again, and a little later natural 
respiration returns. 


(24) The effect of artificial respiration in restoring an animal after the 
respiration had stopped was always marked. In a few exceptional cases, such 
as No. 159, a phosphorus dog, and No. 142, a horse which had an enormous 





: * Vide No. 178, Wick readings 2 and 3, 8, 18, 18, and 26, and compare No, 49, Fick reading 2 and 8, 
and No 60, Fick reading 8, which are similar cases, but were not so carefully observed. 
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over-dose, although the artificial respiration was commenced as soon as possible 
after the breathing was noticed to have stopped, it was not successful. 


(25) Complete stoppage of the respiration always means that an over-dose 
has been administered, and the over-dose may have been so great as to render 
restoration impossible, It is impossible to say whether, after chloroform 
has been pushed and then discontinued, the respiration will be restored spon- 
taneously or not, and it is never in any case certain that artificial respiration will 
restore the natural respiration and blood-pressure, no matter how soon it is com- 
menced after the respiration stops. A great deal depends upon the amount of the 
after-fall: in some cases, even after the respiration has been restored, the pressure 
continues to fall and respiration again ceases, and artificial respiration then fails, 
We thus find respiration restored by artificial respiration while chloroform is still 
being absorbed, and this tends to show that artificial respiration does notmerely 


pump the chloroform out of the blood, but exerts considerable influence in 
exciting the natural respiration. 


(26) ‘The time which elapses before artificial succeeds in restoring natural 
respiration varies very greatly. In one case, No. 116, it was continued for eleven 
minutes before the first natural gasps commenced. This period is undoubtedly 
prolonged in some cases by a condition of physiological apncea which renders it 
unnecessary for the animal to breathe. Consequently, whenever the pressure rose 
considerably during artificial respiration it was stopped, and the animal then 
generally breathed after a few seconds, 


(27) The time which may be allowed to pass with impunity before com- 
mencing artificial respiration also seems to vary considerably. This point was not 
particularly attended to in the manometer experiments except in experiments 162 
and 178, which were instituted to test the truth of the opinion formed by the Sub- 
Committee that morphine had some slight action in impairing the efficiency 
of artificial respiration. In these cases the commencement of artificial respiration 
was postponed for more than two minutes afier respiration ceased, and was suc- 
cessful ; but this is certainly far above the average interval that can be allowed 
with safety. The success of artificial respiration in restoring the blood-pressure 
is, in some cases, very remarkable. In Experiment No. 40 the heart had 
apparently ceased beating* and the dog was believed by every one present to 
be dead and yet recovered with artificial respiration. The suecess in this 
instance is due to the factthat concentrated chloroform had heen pushed for 
two minutes, regardless of the breathing, and the stoppage of the heart was due 


* Vide especially No, 40, Fick reading 12. 
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The animal was therefore easily 


to stimulation of the vagus through asphyxia. SEL 
restored as he was suffering more from asphyxia than from chloroform poisoning. 


(28) It corresponds to those cases, which are so often reported, in leet 
dangerous failure of the heart is said to have oceurred some minutes after the 
administration of chloroform had been discontinued, and which are sometimes 
restored, and sometimes not, by artificial respiration. There is nothing at all 
sudden about the failure of the heart inthese cases, but the attention of the 
ehloroformist, which has been wandering, is suddenly called to the fact that the 
patient is apparently dead. When the anmal was really dead, it was found in 
some cases that artificial respiration still maintained a small amount of mean 
pressure in the manometer. In others the pressure seemed to fall to the zero 
line between each compression of the chest. 

(29) The dangers of too vigorous artificial respiration were illustrated in 
some of the accidental deaths. In one case the liver was badly ruptured, and in 
another the pleural cavity was full of blood. In three cases, Nos. 80, 92 and 
103, rhythmical movements of the diaphragm were noticed after the heart had 
ceased beating, and after the chest had been opened. It isremarkable that in two 
of these cases the splanchnic nerve had been divided. ‘The third was a case in 
which chloroform had been injected into the jugular, and in this case there was a 
synchronous movement of the jaw as well. In all, death and stoppage of the 
heart had occurred gradually, and in No. 103 the heart was still irritable. These 
movements cannot be called respiration, though the last gasp of a dying animal, 
that ineffective jerk of the diaphragm, which is such a fatal symptom, is very 
likely in many cases a moyement of the same character. 
which were continued much longer, occurred in Experiment No. 104 after the 
thorax was opened, while the heart was still beating. Still more remarkable con- 
yulsions of the muscles ofthe jaws, ears, and fore-feet oceurred in Experiment 
No. 167 in the case ofa dog that had been poisoned with nicotine. These moye- 
ments continued at regular intervals for more than ten minutes after death, and 
were sufficiently forcible to jerk the handles of a pressure forceps fixed on the end 
ofthe tongue off the table at each spasm, In a rabbit in Experiment No. 153 the 
auricles of the heart continued to beat rhythmically for three hours after it was 
supposed to be dead from chloroform and its thorax had been laid open. Irri- 
tability of the heart after death was noticed in many cases, but seemed to be 
most marked in cases where ether had been used. 


Similar movements, 





* There wasa mistake in para, 27 as it originally stood, In the observation at Fick 12 chloroform was admin- 
istered for two minutes and not for a few seconds only. The error was caused by confusion in the tracing on account 
of its haying been carried twice round the drum at the end of the experiment, 
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(30) Chloroform injected in the heart through the jugular yein did not 
cause clotting of the blood as was the case when ether was injected, 


(31) In the course of the experiments of the Committee various drugs were 
administered in order to ascertain if they had any effect in modifying the action 
of chloroform. The result showed that none of them had any effect in prevent- 
ing the typical descent of the blood-pressure that occurs when chloroform is 
inhaled, Atropine, when given in a dose sufficient to paralyse the vagi, of 
course prevents the action of those nerves in asphyxia, and by increasing the 
action of the heart it appears to cause a more rapid descent in the blood-pres- 
sure when chloroform is inhaled as has been already explained. Morphine 
appeared in No. 162 to render the rise in blood-pressure that occurred when the 
chloroform was discontinued slower and less complete, and to bring about a more 
or less permanent condition of anesthesia, It may be noted that the animal 
used in this experiment was a monkey, and in other experiments with monkeys, 
when no morphine had been given, it was remarked that the animal, after a few 
inhalations of chloroform, would often lie quite quiet in a state of semi-insensi- 
bility for a long time without further inhalations ; still this condition was much 
more marked in Experiment No. 162 than inany of the others. No action of this 
kind was noticed inthe dog No. 178, but other experiments (Nos. 90 and 94) 
‘howed that pariah dogs are very mdifferent to the action of morphine, and it is 
probable that the dose of morphine in this case was insufficient to bring about the 
condition noted in the monkey. The peculiar behaviour of the heart in No. 178 
was not the result of the previous administration of morphine, for a similar phe- 
nomenon had oceurred in other cases (49 and 60) in which no morphine had 
been given. Experiments Nos. 162 and 178 proye conclusively that morphine 
has no effect in shortening the period that may be allowed to elapse between 
the cessation of natural respiration and the commencement of artificial respiration, 


(32) The other drugs used had no effect upon the action of chloroform 
except when their own special action became the leading feature in the case, as 
for instance, during the vomiting from apomorphine (104, Pick 9) or the conyul- 
gions produced by nicotine (167). 


(33) In order to test the alleged danger from shock during chloroform 
administration, the Committee performed a very large number of those operations 
which are reputed to be particularly dangerous in this connection, such as extrac- 
tions of teeth, evulsion of nails, section of the muscles of the eye, snipping of the 


skin of the anus, &c, In many cases the operation was performed when the 
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animal was merely stupefied by the chloroform and not fully Angenatble, a ae 
cases a slight variation in the blood-pressure would sometimes cae : ine ee 
would expect from the irritation of a sensory nerve or from t - nee He te 
ensued, but in no case in any stage of anaesthesia was there 803 A ea ‘ - 
gestive of syncope oF failure of the heart’s action. In thrusting a ae Pe u . ; 
heart, there was often a momentary, but well-marked, fall of blooc ey Pape 
but even this was absent in all other injuries. If chloroform really had any 
power to increase the tendency to shock in operations, it 1s impossible to believe 
that it would not have been manifested to some degree at least in one or other 
of these numerous experiments. The Commission was, however, not content 
with this negative result, and determined to ascertain the offset of direct irrita- 
tion of the vagi during continued chloroform administration. t he'vesult of such 
experiments (Nos. 65, 117, and others)proved that inhibition of the heart 8 action 
prevented, rather than assisted, the fatal effects of prolonged chloroform inhal- 
ation, An animal that was put into a condition of extreme danger (from which 
it could only be restored by means of artificial respiration) by inhalation of 
chloroform for one minute, recovered spontaneously and readily after five mmutes 
of chloroform inhalation together with inhibition of the heart by electrical irri- 
tation ofthe vagus carried on simultaneously. In one of these experiments, No. 
117, chloroform was pushed for seven minutes ; and during continued irritation 
of the vagus the animals repeatedly came round without artificial respiratio? 

The danger really begins when the irritation is discontinued or fails to inhibit 
the heart, and thus enablesthe chloroform in the lungs to be rapidly absorbed and 
throwninto thesystem. This danger is certainly increased by deliberately pump- 
ing the chloroform into the lungs, by means of artificial respiration, for animals 
in which this was done, although they showed a tendency to recover when the 
chloroform and irritation of the vagus were discontinued, afterwards died rapidly. 


(34) On another occasion, during Experiment No. 117, the animal was very 
nearly killed by a comparatively short inhalation of chloroform, owing to the 
electrodes becoming accidentally short-circuited and failing to keep up the 
invitation of the vagus. Something similar occurred in No. 177, the effect of 
the irritation of the vagus passing off, while the chloroform was still being 
pushed, and thus putting the animal into a condition of extreme and unexpected 
jeopardy. Nothing could be more striking than these near approaches to 
accidental death from failure to irritate the vagus efficiently. 


(35) Other experiments were made to test the truth of the statement that 


chloroform increases the action of electrical stimuli applied to the yagus, and 
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showed conclusively that it has no such effect. In one ingtance only? 
the inhibition seemed to be intensified as the chloroform was commenced and 
diminished when it was discontinued ; but apart from the fact that the supposed 
effect ceased much too suddenly, a repetition of the experiment on the same and 
other animals showed that there was in reality no such effect. The increased 
inhibition in this instance was due to the chloroformist compelling the attend- 
ant who was holding the electrodes to change his position and thus making 
him unconsciously apply them more efficiently. When the chloroformist with- 
drew they were restored to their former position. This affords an instance of 
the care that has to be taken in making experiments if one is not to be deceived. 


(36) To test the effect of shock due to yaso motor change rather than 
affection of the heart Goltz’s experiment on the frog was repeated on three 
dogs. In one there was slight lowering of pressure which was not extensive, 
and in the others no effect was produced at all. Other operations which seemed 
likely to produce shock, such as violent blows upon the testicle, were singu- 
larly devoid of effect. Failing to lower the blood-pressure by any of these 
methods recourse was had to section of the splanchnics, but the low condition of 
blood-pressure this produced appeared, like stoppage of the heart from vagus 
irritation, to be a source of safety rather than of danger during chloroform 
administration. In this connection Experiment No. 111 may be studied. There 
was not much external hemorrhage, but the splanchnics were divided,—a pro- 
ceeding which, as is often said, bleeds the animal into his own vessels. The 
pressure was after this extremely low, but chloroform was repeatedly given, 
and various other actions taken, and then chloroform had to be pushed on a 
saturated sponge enclosed in a cap for eleven minutes before respiration ceased. 


(37) The experiments on dogs that had been dosed with phosphorus for a 
few days previously show that the fatty and consequently feeble condition of 
the heart and other organs so produced has no effect in modifying the action of 
chloroform. ‘The ease with which vagus irritation and the Glasgow trace could 
be produced in these animals, by even slight degrees of asphyxia (vide 148), 
was very remarkable, but this was equally the case in dogs that had been given 
phosphorus only a few hours before the experiment and whose organs were not 
yet fatty (vide 156). Many of these cases were in the last stage of phosphorus 
poisoning, and several of their companions died without any experiment haying 
been performed on them before or on the same day as they did (vide the low 





* Vide No, 117 Fick reading 6. 








28 


: | 
state of blood-pressure in No. 163). Numerous attempts were made in thee 
animals to produce shock by operations in the recumbent and vertical posit 
tions, but without any more result than in those that were healthy. 


(38) The truth about the fatty heart appears to be that chloroform per se 
in no way endangers such a heart, but, on the contrary, by lowering the blood- 
pressure, lessens the work that the heart has to perform, which is a positive 
adyantage, But the mere inhalation of chloroform is only a part of the process 
of the administration in practice. A patient with an extremely fatty heart may 
die from the mere exertion of getting upon the operating table, just as he may 
die in mounting the steps in front of his own hall door, or from fright at the 
mere idea of haying chloroform or of undergoing an operation, or during his 
involuntary struggles. Such patients must inevitably die occasionally during 
chloroform administration, and would do so even were attar-of-roses or any 
other harmless yapour substituted for chloroform, 


(39) The effect of hemorrhage was tested by opening the femoral artery 
and allowing a considerable quantity of blood (8 to 12 oz.) to escape, An 
immediate lowering of the blood-pressure results, and this is very slowly re- 
covered from. Such an accident, however dangerous it may be in itself, in no 
way affects the action of chloroform, except in so far that a patient who has 
been nearly bled to death would require less chloroform in his system to put 
him into a state of anesthesia. The low condition of his blood-pressure produc- 
ed by the hemorrhage would tend to prevent the too rapid intake of chloro- 
form, exactly as in the case of cutting the splanchnics. (Vide supra sub, para. 36,) 


(40) When the hind feet are lowered on to the floor, so as to place the 
animal in the vertical position, a considerable fall of blood-pressure in the 
carotid artery occurs ; but when the animal is replaced on the table in the 
recumbent position the pressure is fully restored. Various operations were per- 
formed on animals in the vertical position, but in no case was anything re- 
sembling dangerous shock produced. Inversion of the body, so that the animal 
stands on its head, has exactly the opposite effect,—the pressure rising in the 
carotid artery and again falling to its former state, when the animal is replaced 
in the horizontal pesition, Inversion of the body failed to restore an animal 
that was in the last stage of chloroform poisoning,* though it raised the pressure 
in the usual way as long as it was continued. The change in the pressure of 








* Vide 106, 
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the blood of the carotid, which oceurs when the position of the body is changed 
appears therefore to be due simply to the effect of gravity. 


(41) As regards the effect of chloroform upon different animals, it may be 
said to be the same as far as its anesthetic action is concerned. "There are cer- 
tain peculiarities in its effect on the respiration and circulation connected with its 
local irritant action on the nostrils and fauces which are interesting to notice. 
Thus, when concentrated chloroform yapour is applied to the nostrils of rabbits 
they hold their breath and the heart’s action is slowed at once. This is always 
said to be due to reflex inhibition of the heart from irritation of the nasal branches 
of the trigeminus reflected through the vagus, and is by no means peculiar to 
chloroform, but is produced equally by any irritant vapour, such as ammonia 
or acetic acid, 


(42) In some dogs, and especially in those to which phosphorus had been 
given, stoppage of the respiration and slowing of the heart occurred immediately 
after the application of the chloroform to the face, or on forcibly pulling out the 
tongue," and this suggests that the mechanism of cardiac arrest in them is pre- 
cisely the same as it isin the rabbit. On the other hand, in rabbits, as in all other 
animals, it is possible to give chloroform so gently that no spasm of the chest 
occurs, no reflex effect is produced, and then the pressure falls in the same 
regular curve and with the same succession of phenomena (anesthesia, cessation 
of the respiration, and, lastly, cessation of the heart-beat) that was above des- 
cribed as typical of chloroform inhalation. t 


(43) Goats have a great tendency to hold their breath while inhaling 
chloroform, and monkeys resemble dogs rather than rabbits, as when ammonia 
was held before a monkey’s (No. 98) nose it did not cause immediate stoppage 
of the respiration and heart as it does in rabbits. 


(44) The experiments with ether show that it is impossible to produce 
efficient anesthesia with this agent, unless some form of inhaler is used which 
thoroughly excludes the air. If an ordinary cap containing a sponge saturated 
with ether is applied very closely to the face, the animal generally holds its breath 
and struggles, and we at once get the fall of blood-pressure and slowing of the 
heart that invariably occurs underthese circumstances. If the ether is continued 
in this way after the animal has recommenced breathing, a condition of semi- 
anwsthesia results, in which the cornea is sometimes sensitive and sometimes in- 








* Vide 186. t Vide end of No, 172, t Vide 148 and 261, 











sensitive, and the pressure rises and falls alternately toa slight amount and forms 
a wavy trace, which may be continued right round the drum® without any parti- 
cular change, As soon as air is rigidly excluded the pressure commences to fall 
gradually exactly in the same way as with chloroform, and with the same succes- 
sion of phenomena, v2, first anesthesia, then cessation of the respiration, 
then of the heart movements, and, finally, death.? How far this is due to 
ether and how far to the results of asphyxia it is impossible to say, but an exactly 
similar succession of events can be brought about by making the animal inhale 
carbonic acid gas alone (vide 160). 


(45) If surgeons choose to be content with a condition of semi-anesthesia, 
it can no doubt be produced with perfect safety, though with discomfort to the 
patient, by ether held rather closely over the mouth. Such a condition of imper- 
fect anesthesia would never be accepted by any surgeon accustomed to operate 
under chloroform. If more perfect anesthesia is required, it can be procured 
by excluding the air more rigidly ; but then there is exactly the same danger as 
in giving chloroform. How very suddenly and rapidly the pressure may fall 
and death ensue is well shown by Experiment No. 33. Ether injected into the 
jugular vein produces a fall of blood-pressure and anesthesia in the same way 
as chloroform does (vide 93) ; but in all cases in which it was so injected, large 
clots were found in the heart immediately after death. It is interesting to 
note that Claude Bernard seems to have formed a very similar opinion with regard 
to ether as the following quotations from his work entitled “ Legons sur les Anes- 
thésiques et sur L’Asphyxie,” published in 1875 show, The first quote**—~ 
(page 50) is as follows :—“ Aussi un certain nombre de chirurgiens propost- 
rent-ils @’abandomner le chloroforme pour reyenir 4 I’éther, dont l’usage para- 
issait moins 4 craindre, Aujourd’hui encore, les chirurgiens de Lyons emplo- 
jont préférablement Véther. On croyait le chloroforme plus dangereux que 
Véther parce qu'il était plus actif; mais, en réalité, la fréquence relative des 
accidents par le chloroforme tenait peut-étre tout simplement 4 ce que e’était cet, 
agent anesthésique qu'on employait dans limmense majorité des cas. Plusieurs 
discussions ont été provoquées par les partisans de l’éther, surtout par les re- 
présentants de l’ecole de Lyons, et il a été constaté que I’éther, lui aussi, 
ayait produit un certain nombre d’accidents mortels. Les deux agents 
anesthésiques usités peuyent donc, l'un comme l'autre, entrainer quelques 
risques de mort, et la chirurgie humaine 4 conservé presque partout le 
chloroforme, dont Vaction est plus rapide et plus compléte.” The second 





* Vide 146, 
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quotation, to be found on page 101 of the same work, runs %—" Quant a 
Véther et au chloroforme, leur action est 4 peu prés la méme an point de yue 
physiologique, sauf une différence d’intensité en fayeur due chloroforme, ce qui 
nous fera généralement employer ce dernier corps de préférence a l’éther.” 


(46) The A. C, EB, mixture given gently with plenty of air and the other 
conditions mentioned before under chloroform produces the typical chloroform 
trace.” Given freely to a struggling animal, it can produce a very rapid and 
dangerous fall of blood-pressure.f Tm Experiment No, 52, Fick 4 shows very 
perfectly the effect on the heart of holding the breath. 


Part IV —ACCIDENTAL DEATHS. 


31. The notes of the cases of accidental deaths that occurred during our 
experiments haye been left amongst the other notes in the position in which each 
occurrence took place, and they can be readily found by a reference to the 
index. The fatal result was brought about either by neglecting to watch the 
condition of the respiration during or after the administration of chloroform, 
especially while the carotid artery was beg exposed, or from a reckless admin- 
istration of chloroform in the endeayour to check or prevent struggles. In 
all the cases of accidental death the usual chloroformist was absent, and no one 
was attending to the chloroform. The notes would have been more complete 
if some one could have watched the condition of the animal and noted the gradual 
but unheeded cessation of respiration without calling attention to it. As it is, one 
has to be content with the remark that the breathing was noticed to have stopped 
at some particular time, but there is nothing to throw any light upon the condition 
during the important period that immediately preceded this discovery, A similar 
hiatus appears in the account of accidental deaths in the human subject, and is 
unavoidable. These cases are probably identical with the instances referred to by 
Snow, “in which animals died in a sudden and what was thought unaccountable 
manner whilst chloroform was given to prevent the pain and struggles which 
would be occasioned by physiological experiments.”{ The death was not really 
sudden, but only rapid, and the result of reckless administration of concentrated 
yapour in the first instance, and careless neglect of the condition of the respiration 
in the second. There isno evidence whatever that a single one of them was due 
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* Vide Experiment No, 45, + Vide Nos, 47 and 62. t Vide Snow on Anmstheties, page 123, 











32 


to paralysis or sudden stoppage of the heart, as Snow assumes to haye been 
the case. % 


39. Tt must be remembered, in studying the tracings, that, except when it 
is expressly stated to the contrary, chloroform was throughout administered very 
freely.* The degree and rapidity of the fall of blood-pressure is in almost all 
cases much greater than should be the case in administering chloroform to human 
beings. To avoid complicating the notes the inhaler was kept on much more 
persistently, with none of those little interruptions while the cornea is being 
examined, &e., which always occur in practice. The whole series, with few 
exceptions, may be characterized as examples ofreckless administration of chloro- 
form, and accidental deaths would have been much more numerous had it not 
been that, when once the animal was connected with the manometer, it was kept 
under the most careful observation. Experiment No, 79 affords a most inter- 
esting exception. The chloroformist, though present in body was absent in 
mind, and failed to observe and report the cessation of the respiration, The 
chloroform was in consequence pushed much further than it should have been, 
and the animal died sooner than was intended, 


33, ‘These cases are of themselves quite sufficient to show that animals are 
just as liable to death from the careless administration of chloroform as human 
beings ; and the accidental deaths which occurred during the experiments of the 
Commission afford the best possible proofthat the effects of chloroformare identical 
in the lower animals and in the human subject. The statement so frequently 
made that dogs are more resistant to chloroform than human beings is entirely 
incorrect. 








* Tt may be noted that one hundr i i 
fe Be lea era ed and nine pints of chloroform and eleven pints of ether were used during 





Part V—DESCRIPTION OF MANOMETER EXPERIMENTS. 


In these experiments the left carotid artery was connected with two mano- 
meters by means of a ¥ tube—the Ludwig or slow manometer, the tracing of 
which runs from left to right, and the Fick or rapid manometer, the tracing of 
which runs from right to left. ‘The connection of the artery with the Ludwig 
manometer was continuous, except at short intervals, shown in the Ludwig 
tracing by a horizontal line with a figure above it. In these short intervals 
the Ludwig connection was shut off, and a tracing was taken on the Fick. 
For example, in Experiment 148 at 3h, 32m. Os. the Ludwig was turned off; 
this is shown by a horizontal line with the figure 4 above it. The figure 4 in 
Fick tracing I. shows the tracing taken on the Fick, during the interval marked 
4 in the Ludwig at 3h. 32m, 0s.; and so on. As a rule, the Ludwig manometer 
was cut off by turning the tap while taking a reading with the Fick manometer ; 
but as the drum was allowed to run, each Fick reading is represented by a 


straight line on the Ludwig tracing. 
October 25th.—No. 25. 


Full-sized strong pariah. Into the box with chloroform freely on blotting 
paper in order to quiet him at 2h, 25m. 10s. Taken out of the box at 2h. 36m. 
and fastened upon the dog-board, chloroform being given from time to time on 
Junker’s inhaler to keep him quiet. Connection between carotid artery and 
manometer effected at 2h. 57m. Five tracings with the Ludwig or mercurial 
manometer® made showing the effects on the blood-pressure of the following 


proceedings noted :— 


(a) Ordinary chloroform inhalation. 
(b) Pushing chloroform until respiration ceased. 
(c) Artificial respiration until natural breathing was restored. 
(d) Eyulsion of three toe-nails. 
(e) Ligature of mucous membrane of the anus. 
(f) Snipping off two portions of anal skin. 
(g) Free opening of the abdomen and complete ligature of intestine. 
(h) Continued administration of chloroform until death, 





* The Fick elastic spring manometer was not connected in this experiment, 
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Respiration ceased at 4h. 30m. 50s., after which the pulse continued 
feebly, but owing to clotting has not been recorded on the tracing. Death 
after a few minutes, but not exactly recorded. 


October 26th,—No, 29, 


Large cream-coloured dog chloroformed in the box at 2h. 15m, Taken 
out of the box and put on the dog-board at 2h, 39m, 40s,, and kept under 
chloroform in the ordinary way with Junker’s inhaler, Canula inserted into 
carotid artery at 2h, 51m,, and connection made with both the Ludwig and 
Fick manometers through a ¥ tube® at 2h. 58m. Trace No. I. Ludwig shows 
the effect of evulsion of the toe-nails, Trace No, IT, Ludwig the effect of snip- 
ping the anus, the administration of large doses of chloroform; and of killing 
the dog with chloroform, A clot formed in the canula at 3h. 15m, 55s. shortly 
before the dog died, Four readings were taken with the Fick manometer— 
1 and 2 while the dog was quietly under chloroform, and 3 and 4 during the 
operation of snipping the anus, 


October 26th,—No. 30. 


Full-sized healthy pariah, Into chloroform box at 3h. 89m. Taken out 
of the box and put on the table at 3h. 4m, 50s, and kept under chloroform in 
the usual way. Dog fully under at 3h, 50m, 40s., and tying of the carotid artery 
commenced, Canula inserted at 3h, 58m, 50s., and connection made with the 
manometers at 4h, 3m. 


Tracing I, Ludwig shows effect of a large dose of chloroform ; but it was 


soon turned off, and the obseryations until the death of the animal recorded on 
the Fick tracing I. 


October 28th.—No. 31. 


Temperature of the room 18°5 to 20°5 Cent, Full-sized pariah which had 
a daily dose of phosphorus (about a quarter of a pot of James’ phosphorus 
paste) for the previous three days, and was, in consequence, very weak and 
thin, Chloroformed in a box at 7h. 85m. Fell down at 7h. 41m, 50s. Placed 
on dog-board at 7h. 45m. and kept quietly under chloroform. Carotid tied 





* For a full description of the arrangement of the manometers, vide Appendix, 
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and cangla inserted at 7h. 55m, 30s. Connection with manometers made at 
8h, 1m., at which time the cornea was still sensitive, and the animal breathing 
quietly, but very slowly, about 8 times per minute. Two tracings Ludwig, one 
Fick. Trace I, Ludwig shows effect of (a) evulsion of the nails, (>) snipping 
of the anus, (c) extraction of tecth, and includes four Fick readings, Trace 
II, Ludwig (commencing at 8h, 32m. 34s.) shows effect of (7) change to the 
vertical position, and while in that position (¢) extraction of teeth, and (f) 
administration of chloroform until death, Post-mortem—Heart flabby, but other- 
wise normal ; Zungs—lower and middle lobes, right side, consolidated ; liver— 
drier than in other animals, mottled, buff-colour; /idneys—congested, pyramidal 
portion of a yellowish colour ; stomach—distended with dark fluid, not appa-. 
rently inflamed. 


Observations. 
He Mies 
A, 8 3 .50.—Evulsion of nail. 
B. 8 8 20,—Anus snipped. 
©, 815 0.—Evulsion of nail. 
D, 8 23 25.—Extraction of tooth. 
E. 833 0,—Change to vertical position, 


i) 
(o) 


38 0.—Tooth extracted. 
G. 8 41 50.—Artery cut, pressure fell to zero. 
In Experiment 31 all attempts to produce shock under chloroform in any 
stage of the administration failed. 


October 28th,—No. 32. 


Large black dog, well nourished and believed to be healthy. Into chloro- 
form box at 10h, 46m. 15s, Struggling violently at 10h. 52m, 30s. Breathing 
stopped and artificial respiration resorted to until 10h, 54m,, when he began 
again to breathe spontaneously and was placed on the dog-board. More 
chloroform in cap at 11h, 1m, 380s. Dog struggling, Chloroform stopped at 
11h. 2m. 30s, Stertorous breathing, Carotid ligatured at 11h, 7m, 30s. 
Canula inserted 11h, 10m. 35s. Trace No. I. commenced at 11h, 12m, 20s. 
Dog struggling, Drum changed and trace No. I. commenced at 11h, 37m. 15s, 
Ganula taken out at 11h, 52m. 15s, Dog not quite dead, heart pulsating, 
chloroform stopped, and an attempt made to reintroduce canula, but dog dead. 
Tyo Ludwig and one Fick tracing. Trace I, Ludwig shows effect of (a) ad- 
ministration of chloroform, (0) artificial respiration, (c) eyulsion of nails, (¢) 
placing the animal in the yertical position and includes Fick readings Nos, 1 to6, 
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) continued administration of chloroform 


Trace II, Ludwig shows effect of (e 
with at the a8 time (f) hemorrhage from the femoral artery, and includes 


Fick readings Nos, 7 to 9. : 
Observations. 


8. 
A. i 12 20,—Chloroform pushed to stoppage 
covery with artificial respiration, 
B. 1118 0,—Chloroform again ; and evulsion of nails at11h.21m.0s., 
11h, 21m, 40s., 11th, 22m, 0s, and 11h, 22m, 30s, 


of respiration and re- 


without any effect. 

Q. 11 23 40,—Chloroform in vertical position. 

D, 1125 0 and 11h, 25m. 40s, evulsion of nails. 

B, 1140 0,—Chloroform : during this administration the femoral 
artery was opened and the effects of bleeding ob- 
served, ‘The experiment ended at 11h, 52m, 15s. 
October 28th.—No. 33. 

Strong, full-sized dog. Put under chloroform at 2h, 48m. 30s. Dog 
removed from the box and put on the table at 2h. 56m., and kept quiet with 
chloroform on the cap from time to time. Carotid tied at 3h, 1m. 30s. Arti- 
ficial respiration at 3h. 3m. 15s, Breathing naturally again at 3h. 4m, 30s, 
Canula inserted at 3h. 7m. 30s. Still having chloroform from time to time. 
Connection made with the manometer at 3h. 8m. 30s. The Ludwig tracing 
shows the effect of (a) ordinary chloroform inhalation, (0) pressure on the abdo- 
men, (¢) inversion of the body, (d) administration of ether until death resulted, 
Post-mortem—Vegetations on pulmonary valves, one of the valves bemg 
adherent to the wall of ventricle. The Fick tracing has seven readings in it, 
which are fully explained on the tracing. Fick 7, taken when ether was pushed, 
shows exactly the same slowing of the pulse when the respiration has stopped 
as occurs with chloroform. 

Experiment 33 shows the condition of semi-anesthesia produced by ether 
held rather closely over the mouth. If more perfect anesthesia is required it 
can be procured by more rigid exclusion of air; but then there is exactly the 
same danger as in giving chloroform. How very rapidly the pressure may 
fall and death engue from ether is shown when the anesthetic was pushed 
and air excluded at the end of the experiment. 

October 28th.—No. 34. 
Full-sized, fairly-nourished pariah dog. Chloroform in box 3h, 52m. 15s. 
Removed from the box and put on the table and kept under chloroform in the 


3S 


? 
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usual way. Artery tied at 4h, 8m, 45s. Canula inserted at 4h. 9m. 45s, Con- 
nection made with the manometers at 4h. 11m. 30s, Trace TI Laden shows 
effects of ether and chloroform alternately, and finally death fcr chloroform 
and includes 12 Fick readings. race I, Fick gives the whole of the 12 Fick 
readings in four reyolutions of the drum. : 


October 29th,—No. 35. 


Full-sized healthy pariah. Put into the chloroform box at 8h, 18m, 30s 
Fallen down at 8h, 22m. 40s. Placed on the dog-board at 8h. 24m. 18s. and 
kept quiet with chloroform from time to time, Dog was found to be whining 
even when the cornea was insensitive and breathing stertorous, although 
chloroform had not been given for some minutes. Carotid ligatured at sh. 
40m. 30s. No. I. Ludwig shows effects of application of bicarbonate of soda 
to the vagus; electrical stimulation of the vagus and of chloroform adminis- 
tration ; and includes five Fick readings. Tracing No, IL shows the effect of 
applying an ammonia bottle to the nose and of giving chloroform until 
death, and includes Fick readings Nos. 6 to 9, Tracing No. IIT, Ludwig is not 
preserved, but a partial tracing (ILI. Fick) reading No. 10 is included in 
the Fick tracing of dog No. 36. 


October 29th.—No., 36. 


Temperature of the room 25 Cent. Full-sized pariah rather thin, Into 
chloroform box 10h. 45m, 30s. Taken out of box and placed on the dog-board 
10h. 56m. 15s. and given chloroform on a cap from time to time. Struggling and 
crying, although cornea nearly insensitive. Carotid ligatured at 11h. 4m. 5s. 
Canula inserted at 11h. 10m. 50s., and connection with manometers made 
at 11h, 26m, 20s, Canula accidentally slipped out of the artery at 11h. 40m. 30s, 
Dog kept quiet under chloroform and connection again made at 11h, 50m. 30s. 
Two Ludwig and two Ficktracings during (a) application of carbonate of soda 
to the entire vagus nerve ; (J) administration of chloroform ; (¢) electrical irri- 
tation of the right vagus ; (d) ligature and division of both vagi ; (e) irritation 
of the peripheral ends of the two yagi separately ; (f) irritation of the peri- 
pheral end of left vagus when the animal was deeply under chloroform ; 
(g) irritation of the central ends of the two yagi separately ; and, finally, 
(A) administration of chloroform continuously until death. 
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October 29th.—No. 37. 


Temperature of room 26 Cent. Full-grown common monkey. Given 
chloroform on a cap while in the cage. Placed on the table 3h. 2m. 30s, and 
kept quiet under chloroform as before until connection made with the mano- 
meter at 3h, 59m. 50s. Two Ludwig and one Fick tracings. Trace I, Ludwig 
shows effect of (a) ordinary chloroform administration,(2) evulsion of toe-nail, (¢) 
irritation of the entire vagus, and includes five Fick readings. ‘Trace II, shows 
effects of (d) administration of ether, but is much interrupted by accidents to 
the apparatus, It includes Fick readings 5 to 8. Manometer given up on 
account of clots at 4h. 53m. Cornea sensitive at 4h, 54m, 15s, Chloroform 
given at 4h. 54m. 30s. Pulse perceptible but breathing purely laryngeal at 4h, 
57m. 45s. No pulse at 4h. 59m. Heart inaudible at 5h., but a thin stick 
on a needle thrust into the heart continued to yibrate regularly till 5h, 1m, 


October 380th,—No. 38. 


Temperature of the room 25 Cent. 


Full-sized pariah dog. Chloroformed 
in the box at 7h. 4m. 


Placed on the table at 7h. 51m, 40s, and kept quiet with 
chloroform. Jugular vein ligatured. Connection made with manometers at 
8h, 45m. 10s. Manometer stopped at 9h. 45m. Dog killed with chloroform. 
Respiration stopped 9h, 26m, 30s. Pulse stopped 9h. 29m. Heart stopped 
9h. 30m. 40s. One Ludwig and one Fick tracing during (a) ordinary chloro- 
form administration ; (4) irritation of left vagus with the secondary “coil dis- 
tant from the primary 15 centimeters. 


The Fick tracing consists of three 
readings :—— 


1. A failure, 
2. Irritation of left vagus, coils 15 cent. distant. 
8. Inritation of left vagus, coils 10 cent. apart. 


This last reading was, however, interrupted by clotting. 


October 80th.—No, 39, 


Large fairly-nourished pariah, Ohloroformed and placed upon the table at 
10h. 14m. Jugular vein tied and canula inserted into carotid. Connection m 
with manometer at 10h, 53m. Animal eyentually killed with ether 
Ludwig and two Fick tracings, Trace I, Ludwig shows the effects of (a) 


ade 
Two 
iri- 
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tation of the left vagus with the coils 10 cent. apart ; (b) injection of physos- 
tigmine into the jugular vein ; (0) lifting the vagus from its hed ; and includes 
6 Fick readings, which show the effect of (d) irritation of the entire left vagus ; 
(e) application of saturated solution of carbonate of soda to the vagus, Ainaee 
TJ, Ludwig shows effect of (/) ligature of left vagus ; and (y) inhalation of 
chloroform with rapid but temporary falls of pressure that frequently occur 
when animals hold their breath at the commencement of the administration. 
Tt includes Fick readings 7 to 10, which show the effect of (2) pinching the 
yagus with forceps; (’) invitation of the peripheral end of the vagus ; (J) 
evulsion of the toe-nails ; () gradual death from ether. 


October 30th.—No. 40. 


Temperature of the room 26} Cent, Full-sized pariah dog; the same that. 
had been used in Experiments Nos. 25, 26, and 27, in which experiments he 
had ghown a remarkable power of recovering after chloroform had been pushed 
until he was to all appearances dead. Chloroformed in box att th. 59m. 428. 
Lying down at 2h. 5m. and placed on the table at 2h. 5m. 258, being quite 
under and with its cornea insensitive. Chloroform | given from time to ee 
Artery ligatured at 2h. 25m, 15s. Artificial respiration at 2h, ae ut bee 
-ing spontaneously again at 2h, 88m. 40s. Connection made ee ae 
at 2h. 45m. 40s, Artificial respiration was agam employed at 2h. a S. 
during: an interruption in the tracing, but breathing became natural bia at 
2h. 56m. Drum changed at 3h. 18m. 30s., and during eae ie 
nerye exposed... Drum changed again at 3h, 53m. 20s. Three Ludwig trac 


i Mick, Ani jus ine out of chloroform. 
ings and three Fick. Animal just coming out 


A. a 45 40,—Inversion of the body, vide Fick 3. 

B, 2 59) 80\— Do. do. 

G. 3 5 0.—tritation of left vagus (entire) with coils distant 15 

: cent, It is doubtful if the irritation was efficient. 

D, 3 7 0,—tIrritation of the vagus after administration of 
physostigmine. 

E. 3. 9 30.—Evulsion of toe-nail. 

hecomeae, 0,—Irritation of the exposed sciaticnerye with gradually 


increased strength of current ; coil 15, 10, 5, and 0. 
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A clot having been found, the experiment was cae a eng tie 
Junker apparatus rapidly 80 times a minute, : The hear e re ea seine by a 
flag thrust into the heart) continued six minutes ig a respiration had 
entirely ceased and 3m, 15s, after the pulse was imperceptible. 


The one Fick tracing includes 7 readings taken at periods indicated on the 
third Ludwig tracing. 
November 1st,—No. 42. 


Temperature of the room 224 Cent. Full-sized healthy ae _ 
formed and placed on the table at 8h. 18m. 208. Hemorrhage from the 
mouth while in the box about 1} 0z,, the result of violent ican 
restraining his movements. Kept quiet with chloroform as betas, Me ues « 
violently while taking some chloroform and in consequence was giv mn an ov on 
dose, Artificial respiration was resorted to at 8h, 22m, 50s., oun was continued 
till 8h. 34m,, but the dog did not recover, Post-mortem—Base of the left 
lung engorged ; both sides of the heart very much distended with venous 
blood ; valves healthy. 


This dog’s death was undoubtedly the result of the reckless carelessness 
which had marked the proceedings from the commencement, and was due 
quite as much to asphyxia as to chloroform, 


November Ist.—No, 43. 


Temperature of the room 23} Cent. Full-sized healthy pariah. Chloro- 
formed in the box as before. Placed on the table at 10h. 5m. and kept quiet, 
breathing stopped at 10h, 18m. 30s. Artificial respiration until 10h. 14m. 30s. 
Carotid ligatured at 10h. 17m, 30s. Canula inserted into the carotid at 10h, 20m. 
Connection made with the manometer at 10h. 25m. Two Ludwig and one 
Fick tracings. 

Observations, 
H.°M. ~s, 

A. 10 25 0,—Adminisiration of chloroform with Junker squeezed 
10 times a minute, using the ordinary mouth-piece. 
B. 10 80 20.—Administration of chloroform with the lead tube of 
: the Junker thrust into the nostril in place of the 
mouth-piece, at first at the rate of 10 squeezes per 

minute, afterwards 20. 


en 


43 


i. M. 8, 


C. 


10 35 0.—Squirting a few minims of chloroform into the nostril. 
D, 


» 10 44 20,—Administration of ether with a bladder, air being 
admitted through a side opening every five seconds 
(the ether administered in this way failed to keep 
the dog in a state of anesthesia). 


Trace II, Ludwig shows effects of— 


He i sh, 


E. 10 52 0,—Junker inhalation, with mouth-piece at 10 squeezes a 


minute, 


I= eis} 30,—Rapid administration of chloroform with J unker as is 


done frequently in hospitals, without attending to 
the signs of danger, while the operation for phymosis 


was being performed, The dog was dead after 10. 


minutes, very nearly four drachms of chloroform 
being used, 


November 1st,—No. 44. 


Temperature of the room 25} Cent, Full-sized well-developed pariah dog, 
Tnto chloroform at 2h. 1m. Taken down at 2h. 11m. Put on dog board 2h. 11m. 
30s. and kept under chloroform as before. Ligature of the carotid at 2h. 17m. 
40s, Connection made with manometer at 2h, 26m, 40s. Three Ludwig trac- 
ings and two Fick, Trace I, Ludwig shows effects of administration of ether 
with a bladder, air being admitted through a side opening every ten seconds, 
(This failed to keep the animal under.) Trace II, Ludwig shows effects of ad- 
ministration of ether with Junker’s inhaler provided with a close fitting mouth- 
piece and also the effect of rapid hemorrhage to 12 oz., from the femoral artery. 
Trace IT. shows continued ether administration with Junker, and lastly death 
by pushing chloroform. Fick readings :— 


(1) Natural. 

(2) During cther administration with bladder, 
(3) Do, do. do, 

(4) Do. do. do. 

(5) Ether with Junker’s inhaler ; animal “over”, 
Ether immediately after 12 oz, hemorrhage, 
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(7) Same as 5; put a little later the effect of the hemorrhage still 
marked. 
(8) The same ; only more under the influence of ether. 
(9) Just after ether was stopped. 
(10) Effect of chloroform pushed. 
(11) Do. do, 
(12) Do, respiration stopped. 
(13) The animal dying. 
(14) Dead. 


In this experiment (44) the figures (1), (2), (3), &e., refer to the Fick readings, 
November 2nd.—No. 45. 


At} rature of the room 23 Gent. Full-sized healthy pariah dog. Chloro- 
Pee ch. i 45s, Fell down at 9h, 58m. 15s. Put on the table at 10h, 
i ce ne te under chloroform. Respiration stopped and artificial 
i ae net Breathing spontaneously at 10h, 15m, 40s. Carotid 
ee ies cd t 10h. 18m. 5s. Respiration stopped at 10h. 22m, 5s. Artificial 
es eee 10h 23m bs, Connection made with manometer at 10h, 29m. 
ae ne fans isa Fick tracings. During trace I Ludwig ether 
a a acd arn bladder inhaler and a closely fitting mouth-piece, air 
ree a ted every fifth and afterwards every tenth respiration, but this failed 
oe coe in a state of anesthesia. Trace II, shows administration of 
i os ea by a Junker’s inhaler, 10 squeezes per minute at first, then 
ql aces and finally with rapid squeezes. ‘Trace au homie peach a 
dog, the blood-pressure remaining’ at 32mm. The three ie : Sei a ee 
yeadings at times marked upon the Ludwig tracmgs. Total A. C, EH, mis 
used, 9 drachms. 


November 2nd,—No. 46, 


Temperature of the room 25 Cent. Full-sized healthy pariah,  Chloro- 


formed in box at 2h. 12m. 10s. Placed on the table at 2h, 26m, 30s. and kept _ 


niet with chloroform, Avtificial respiration 2h, 23m, 30s. to 2h. 30m. 50s. 
ae ligatured 2h. 38m, 55s. Artificial respiration again 2h, 42m, to 2h, 42m. 
20s, Connection made with manometers at 2h, 46m, 30s, when the dog was 


is 
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Just coming out of chloroform. Two Ludwig and three Fick tracings. Trace I, 
Ludwig was taken during the administration of A. ©, E, mixture with Junker’s 
inhaler, at first at the rate of 10 squeezes a minute, afterwards rapidly. Dur- 
ing trace IT, Ludwig the A. C. E, administration was continued, but as the 
effect was not sufficient, the bottle was filled up to 2 oz, with fresh A. C, B., 
after which the dog died rapidly, The three Fick tracings include 8 readings 


taken at times noted on the Ludwig tracings, Total A, C, E, mixture used, 134 
drachms, 


November 2nd.—No, 47, 


Temperature of room 254 Cent. Full-sized healthy pariah, to whom 4a 
grain of morphine had been given hypodermically about $ an hour before, 
Given A. ©. E. mixture on a cap 3h, 43m, Cornea insensible 3h, 44m, and 
placed on the table; quite under. Canula inserted into carotid 3h, 53m, 
Cornea sensitive and gave more A. C. E. at 3h, 56m. A. C. E, stopped again 
3h. 57m. 45s. Connection made with manometer 3h, 57m, One Ludwig and 
one Fick trace showing the effect of killing the animal with A. C,H, ona cap. 
The quantity of A. C. E. used was not measured. 


November 4th.—No, 48, 


Temperature of room 21 Cent. Unusually large strong pariah dog, which 
had been fed habitually in the hospital. Chloroformed in the box at 7h. 22m. 
Put onthe table and cornea insensible at 7h. 44m. 10s. Artery ligatured 
7h. 56m. 50s. Canula inserted into carotid at 8h, 7m, 15s. Connection made 
with manometers at 8h. 834m, One Ludwig and one Fick tracings showing the 
effect of pushing chloroform with the ordinary cap. Recovery appeared for a 
few seconds to have been effected by artificial respiration, but he again ceased 
breathing and died. Post-mortem—More fat than usual throughout the whole 
body. A small cyst in the walls of the esophagus. Heart healthy. 


November 4th.—No, 49. 


Temperature of room 23 Cent. Small-sized healthy pariah dog. Tnto 
chloroform box at 9h. 44m. 40s. Placed on the table at 10h. and kept quiet 
with chloroform. Carotid ligatured at 10h. 9m. Connection with manometers 
at 10h. 20m. Three Ludwig and four Fick tracings. Trace I. danconte shows 
effect of pushing first chloroform, then ether, and lastly A. C. E., and reviving 
the dog each time with artificial respiration. Traces H, and 111, show a repetition 
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of the above (administration of chloroform, ether, and A. ©. E.) and finally 
death from chloroform. The four F ick tracings include 25 readings at times 
noted on the Ludwig tracings. 
Observations. 
HM, 8. 

A. 10 20 30,—Chloroform on cap. 
B. 10 25 0,—Respiration stopped and immediately afterwards the 
heart’s action was arrested. This is what is called 
secondary syncope. Tt is not however syncope at 
all, but is inhibition of the heart due to vagus 
stimulation, and is a safeguard in that it delays the 
conveyance of the chloroform to the nerve centres. 

(Vide Fick 2 and compare with Fick 8.) 

©, 10 25 10.—Artificial respiration showing the easy restoration 
of the animal. 

D. 10 30 20,—Ether on cap. 

BE. 10 33 35.—Respiration stopped. 

F. 10 33 50.—Artificial respiration and eradual restoration, 

G. 10 38 50,—A. C. E. mixture on cap. This observation shows 
that chloroform, ether, and the A. C. EK. Mixture 
produce precisely similar effects, only varying in 
intensity. 

H. 10 41 30.—Respiration stopped. The same arrest of the heart’s 
action subsequently took place as in observation 
©, Compare Fick 8 and 9 with Fick 2 and 3. 

I. 10 42 0,—Artificial respiration and gradual restoration. 

J. 10 49 45,—Observation B repeated. ‘The record is incomplete 
on account of an interruption from clot, 

K. 11 5 0,—Ether, with very little air, on cap. Respiration 
stopped at 11h, 9m, 30s. Artificial respiration at 
11h, 10m. Os, restored the animal, 

11 27 0.—A, C. E. mixture on cap pushed till stoppage of the 
respiration, Restoration by artificial respiration. 

M. 11 39 45,—Chloroform on cap pushed till death. 


AT 
November 4th.—No. 50. 


Temperature of room 25 Cent. Strong mongrel. Into chloroform box at 
2h, 27m. 50s. Placed on the table struggling violently at 2h, 38m., and was 
given chloroform on a cap. Stopped breathing at 2h. 39m. 50s. Artificial 
respiration was at once begun and the animal breathed spontaneously at 2h. 
42m, Artificial respiration was again necessary almost immediately and failed 
to restore natural respiration. Post-mortem showed that the abdominal cavity 
was full of blood from rupture of the liver, The pericardium was adherent ; 
valves healthy, Small abscesses in spleen and liver. This death was the 
result of excessive zeal and energy in the performance of artificial respiration. 


November 4th.—No. 51. 


Full-sized fairly-nourished pariah, Put 
Fell down at 2h. 55m. Placed on the 


Temperature of room 25 Cent. 
into chloroform box at 2h. 50m. 55s. 


“og-board at 2h, 58m. 15s. Artery ligatured at 3h, 5m. 30s, Connection made 


yith the manometers at 3h, 12m, 40s. One Ludwig and one Fick tracing. 
The Ludwig tracing shows () the depressing effect of thrusting a needle into 
‘the heart; (8) a slighter but distinct depression while struggling at the 


commencement of ether administration ; (¢) death from ether when pushed 


The Fick tracing includes 
seven distinct readings at times noted in the Ludwig trace. The readings 
along the top of the Fick tracing were produced by a system of Marey’s tam- 
Post-mortem—Heart healthy ; 


with an ordinary cap covered with Mackintosh. 


hours connected with a needle in the heart. 
liver ruptured, but only a small quantity of blood in the abdomen. 


i. M. & 

A. 313 30.—Needle thrust into the heart. 

B. 316 0,—Ether administered ; the effect of struggling caused 
slowing of the heart, exactly in the same way as it 
does under chloroform, and js well shown in Fick I. 

O. 3 22 50,—Respiration stopped. 


D. 3 23 20,—Artificial respiration : death. 
November 4th.—No. 52. 


Temperature of room 254 Cent, Full-sized strong pariah pui mto the 
chloroform box at 3h, 388m. Fallen down at 3h, 40m. 50s, Placed on the table 
at 3h, 42m, 45s. and kept quiet with chloroform, Carotid artery ligatured 
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3h. 49m, 50s, Canula inserted 3h, 58m. 40s, Connection made with manometers 
at 4h, One Ludwig and two Fick tracings during— 
(A) Administration of A, GO. E, with marked but intermittent falls in 
the blood-pressure during struggling. 
(B) Pushing A, O, E. until respiration stopped, 
(C) Artificial respiration. 
(D) Thrusting a needle into the heart. 
(B) Pushing A. O. E. until death resulted. 
Post-mortem—Organs healthy, Above two drachms of blood in the 
pericardium. 
Observations, 


H, M, 8, : 

A 4 3 «#(O.—A. C. E. mixture: 
gularities in the fall of blood-pressure of precisely 

the same kind as those which occur under similar 


struggling, and consequent irre- 


circumstances with chloroform and with ether : 
a needle was thrust into the heart twice during the 
observation. The A. C. E. mixture was pushed till 
stoppage of the respiration at 4h. 5m, 0s. A needle 
was ‘thrust into the heart again at 4h, 9m, 20s. 
during revival ; and the depressing effect of this 
operation is well shown in the tracing. 

B, 4 11 30.—A. CO. E, mixture pushed till respiration stopped ; 
death, In Experiment 52 the effect on the heart of 
holding the breath is very frequently demonstrated 
in the Ludwig tracing from 4h, 11m, 35s, to 
4h, 12m. 0s, and in the Fick I, tracing 4, 


November 5th.—No. 53. 


Temperature of the room 23 Cent. Full-sized pariah dog. Into chlo- 
roform box at 7h. 47m. 20s. Fallen down at 7h, 57m. Placed on the table at 
8h. 2m. 15s. Artery ligatured at 8h, 17m. 20s. Canula inserted at 8h. 23m. 
30s. Connection made with manometers at 8h. 27m, 30s. Two Ludwig and 
two Fick tracings. The tracings show the effect of pushing first chloroform 
and afterwards ether administered on an impervious cap, and finally killing 
with chloroform. hey also show the effect of thrusting a needle into the 
heart, and. the continued irritation caused by its presence, Post-mortem— 


os age. 
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Three drachms of blood in the pericardium. Mitral valyes a little thickened, 
Apex of right yentricle attenuated, 


A, 


B, 


Temperature of the room 24 Cent, 
formed in box 10h, 9m. 15s, 


Observations. 

H, M, 8 

8 27 30.—Needle into heart, 

8 30 40.—Chloroform pushed till stoppage of the respiration ; 
revival by artificial respiration, 

838 0.—Needle thrust into the heart. 

8 41 0,—Ether administered ; struggling and similar irregu- 
larities in the circulation, as are observed during 
struggling under chloroform and the A,C,E, mixture, 

9 23 35.—Chloroform pushed : the respiration stopped at 9h, 24m, 
30s, The heart continued to beat till 9h, 32m, 20s, 


November 5th,—No, 54, 


Full-sized pariah dog, Chloro- 
Dog fallen down 10h, 14m, 20s, Placed on the 


table 10h, 15m, 25s, Stopped breathing 10h, 16m. 10s, Artificial respiration 
tried without effect. Post-mortem—Organs healthy ; two ribs fractured. In 
this case there was no doubt that chloroform had been carelessly administered 
while the operation for tying the carotid was being: performed. 


Temperature of the room 24 Cent, 
into the chloroform box at 10h, 29m. 25s, 
Artery ligatured at 10h, 51m, 30s, 


November 5th,—No. 55, 


Full-sized healthy pariah dog. Put 
Placed on the table at 10h, 42m, 30s, 
Connection made with the manometers at 


10h, 56m, 10s, One Ludwig and one Fick tracing showing administration of 
ether without air, its failure to keep the dog under and finally death from 
pushing A, C, E, Post-mortem—two ounces of arterial blood in pericardium, 
The needle had passed through the lungs into the left auricle, (In this as in 
previous cases the upper line on the Fick tracing is produced by a system of 
Marey’s tambours connected with the needle in the heart.) 


A, 


B. 


H. M, §, 

10 57 0,—Needle thrust into heart. The depressing effect of this 
measure is shown in Fick reading 1, 

11 0 25.—Ether with the air excluded. 

11 21 20,—A. CU. E, mixture pushed till death, 









November 5th,—No, 56, 


~~ Temperature of the room 25} Cent. Full-sized strong pariah. Chloro- 
form given at 1h, 48m, 30s. Fallen down at th, 56m, 30s, Placed on the table 

at 1h, 58m. 10s. Artery ligatured at 2h. 6m. 45s. Canula inserted at 2h 
11m, 30s. Connection with manometers at 2h, 15m. 15s. In this experiment 
it was intended to smother the dog with a tin mouth-piece carefully closed, but 
b after death it was found that a sponge with a small amount of chloroform upon 
it had been accidentally left inside the mouth-piece, 


One Ludwig: and one 
Fick tracing showing — 





Observations, 
H, M. 8. ’ 
A, 2 16 20,—Chloroform ; Stopped at 2h, 17m, 40s., needle into the 
heart at 2h. 17m, 50s, 
2 20 5,—Simple asphyxia with a y 


B. 


ery small quantity of chloro- 
form, accidentally left in the inhaler, At 2h. 27m. Os, 
the heart's action was arrested, probably owing’ to 
ae vagus stimulation, for 15 seconds (vzde Fick ‘)). 
es. The heart stopped finally at 2h, 30m. Os, 
Fick reading 8 shows clearly 
needle thrust into the heart, 
congestion ; small hemorrhag 
heart, and a large suppur: 


the gradual cess 
Post-mortem examin 
e in the lungs ; 

ating lymphatic glanc 


ation of movement in the 

ation showed general venous 

a small cyst in the wall of the 
lin the wall of esophagus, 
November 5th,—No, 57. 

Temperature of room 26 Cent. Full-sized pariah, 

2h. 37m, 15s. On the table 2h. 42m, 30s, 

nection made with manometer 2h, 53m. 

An attempt was made to simply smother the 


piece ; but complete asphyxia could not be pr 
emit AO. B, mixture py 


inhaler. Fick readings 4, 6 
produced by asphyxia, 


Chloroformed in box 
Artery ligatured 2h, 49m. Con- 
One Ludwig and two Fick tracings, 
dog with the padded mouth- 
oduced, and he was eventually 
€ pumped into the mouth-piece with Junker’s 
, and 7 show very well the slowing of the heart 
Post-mortem—Intenge venous congestion, 





F Observations, 
H, M, 8, 


A. 253 40,—Partial asphyxia, 
Be Bilt 5.—A. CO, E, mixtur 
Junker’s inh, 
3h. 16m, 








© pumped into the mouth-piece with 
aler till death, Respiration ceased at 
Os. and the heart stopped at 3h, 20m, 15s, 
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November 5th.—No. 58. 


Temperature of the room 26 Cent. Full-sized powerful pariah dog, Into 
the chloroform box at 8h. 28m. 15s. Fallen down at 3h, 32m. 10s, Placed on 
the table at 83h. 33m, 45s, and kept quiet with chloroform, Artery ligatured 
at 3h. 40m, Canula inserted at 3h. 43m. 30s. Connection made with manome- 
ters at 3h. 44m. 35s. One Ludwig’ and one Fick tracing. Asphyxia by means 
of the mouth-piece was again attempted, but as this failed to kill the dog owing 
to leaks, chloroform vapour was pumped into the closed mouth-piece with 
Junker, Unfortunately directly after this a clot formed in the tube, 


November 6th,—No. 59, 


Temperature of room 225 Cent, 


Full-sized pariah. Into chloroform 
box at 8h. 20s, 


Fell down at 8h. 9m. 45s, Placed on the table at 8h. 10m. 
Temperature in rectum 100-4 F. More chloroform at 8h. 17m, 35s. and again 
at 8h, 23m. 30s. Canula inserted at 8h, 26m, 30s. Connection made with the 
manometers at 8h. 32m. 20s. One Ludwig and two Fick tracings showing the 
effect of asphyxiating the animal by holding a carefully-sealed inhaler over his 
muzzle. The act of thrusting the needle into the heart did not cause any fall 
of pressure. Temperature in the rectum 99 F. at the end of experiment, 
Post-mortem presented all the appearance of asphyxia. The needle had entered 
the heart through the auriculo-ventricular groove and just reached the interior 
behind one of the semi-lunar yalves. No blood in the pericardium, 


November 6th—No. 60. 


Temperature of room 234 Cent. Large size dog, Into chloroform box 
at 10h. 38m, Fell down at 10h, 12m. Placed on the table at 10h, 13m, Tem- 
perature in the rectum 100-4 F. A little chloroform given at 10h, 21m. Artery 
ligatured at 10h. 22m. 10s. Canula inserted at 10h, 25m. Connection made 
with manometer at 10h. 27m. One Ludwig and one Fick tracings. Asphyxia 
was first produced by smothering the dog with an empty inhaler, and then 
chloroform was pumped into the still air-tight inhaler. Death resulted very 
rapidly. From Fick reading 8 it was thought that the heart had stopped 
simultaneously with the respiration, but, on opening the thorax, the heart was 
found to be still beating, and it continued to do go for some minutes, Post- 
mortem appearances those of chloroform poisoning. ‘Temperature after the 


experiment 99 F, 











Observations. 


A. 10h, 28m, 0s.—Smothering with an empty inhaler. The irregular 
fall of pressure due to asphyxia, and to asphyxia combined with chloro- 
form, is seen in Fick readings 1 and 2. 


B, 10h, 32m, 5s.—Chloroform pumped into the air-tight inhaler, 
Fick 3 shows the very rapid fall of pressure due to vagus Been in an 
animal already partially asphyxiated, and how quickly ase ieee 
ing and paralysis of the respiratory centre occurs under oe : mee 
From Fick 3 and the absence of pulse it was thought by ev ery: 
had altogether stopped, simultaneously with 
but when the thorax was opened at 10h, 
athing stopped, the heart 
ad to do so till 10h, 


stances. 
body present that the heart 
the respiration, at 10h, 33m. Os., 
36m, 30s., three minutes and-a-half after the bre 
was found to be beating vigorously, and it continuc 0 di 
39m, 50s, nearly seyen minutes after the cessation of respiration. 
Experiment No. 60 affords an excellent example of the cS ae al 
ing and even temporary cessation of the heart's action, which occurre bee 
and again throughout the Commission's enquiry at the same moment as ths 
The heart always recovered itself and began to beat re- 


respiration stopped. 
: aken to restore the animal and without 


i ; in before any steps were t i 
aan taking an ‘Wille Experiments Nos. 49, 162 and 18, a 
compare with 60), The failure of the heart, if such it can be called, instead of 
being a danger to the animal, is a safe-ouard by preventing the absorption of 
residual chloroform from the lungs and its distribution through the system. If 
the arrest of the heart in these experiments is due, as it appears to be, to 
yagus stimulation, there is no doubt that the inhibiting action beneite the 
organ and, besides resting it, acts on it as a tonic, 


» 


November 6th,—No. 61. 


Temperature of room 24 Cent, Full-sized pariah dog. Put into the 
chloroform box at 10h, 42m, Fallen down at 10h, 55m. 30s. Placed on the 
table at 10h, 57m, 45s, ‘Temperature in the rectum 99:2 F. Artery ligatured 
at 1th, 4m. A little chloroform given at 11h, 9m. Connection made with the 
manometers at 11h, 10m. 15s, Temperature after death 98:2 F. Two Ludwig 
and two Fick tracings showing the effect of giving ether to an asphyxiated 
; animal, The extraordinary fall of pressure, which occurred at the commence 


outst” Dini 


a meanest 
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ment of the cther inhalation, is noticeable. It was the accompaniment probably 
of struggles and holding breath, though this was not noted on the tracing, As 
other did not appear to be going to kill the animal ina reasonable time, chloro- 
form was pumped into the inhaler and death ensued rapidly. The second 
Ludwig tracing is imperfect, on account of the float not working freely in 


the tube of the manometer. The needle was found in the apex of the left 
ventricle. 


Noyember 6th.—No. 62. 


Temperature of the room 25*5 Cent. Full-sized strong pariah dog. Put 
into chloroform box at 2h. 25m, Fallen down at 2h, 32m. 30s. Put on the 
table at 2h, 34m, 30s. Temperature in the rectum 101 F. Artery ligatured at 
2h. 40m. 30s. Canula inserted into the carotid at 2h. 44m. Connection made 
with the manometers at 2h. 46m, One Ludwig and one Fick tracing. A little 
chloroform was given at first to quiet the animal and diminish the excursions 
of the needle. Afterwards the empty inhaler was applied and made as air-tight 
as possible, and, lastly, A. C. E. was pumped into the inhaler until death ensued, 
The end of the experiment was interrupted by a clot. Temperature in the 
rectum 99 T°, after the experiment. 


November 6th,—No. 63, 


Temperature of the room 25:5 Cent. Medium-sized strong pariah dog. 
Put into the box and chloroform given at 3h, 19m, 10s. Fallen down at 
3h, 80m. 15s, Brought on to the table at 83h. 31m, 15s, Temperature in the 
rectum 101°6 F, Chloroform from time to time to keep him quiet. Artery 
ligatured at 3h, 41m. 25s. Canula inserted into carotid at 3h. 42m. 50s. Glass 
tube tied in to the trachea at 3h. 50m. 
at 3h, 53m. 


Connection made with the manometers 


One Ludwig and one Fick tracing, showing the effect of opening’ and 
closing’ the tracheal tube (wide especially Fick readings 3 and 4), Chloroform 
was afterwards pumped into the tracheal tube by means of Junker’s inhaler 
until death ensued. 


November 7th.-No, 64. 


Temperature of the room 21 Cent, Full-sized pariah dog, rather thin, 
Put into the chloroform box at Th, 46m. 30s. Fallen down at 7h. 52m. 30s, 





















" Placed on the table at 7h. 53m. and given @ lit 
to keep him quiet. 


tle chloroform from time to time 
10s. ‘Temperature in the 


«agit red at 8h, 5m. 
ue oes Connection made 


i : d » both vagi. 
ee aie a SE ree Lidia anf three Fick tracings. 
ie ae ee tag ( ) a short administration of chloroform ; (b) ligature of 
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s Bee aeproccion ; (c) artificial respiration ; (@) division of the — 
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a little over two minutes; (/) artificial respiration and SL amen 
Ludwig tracing II. is during (g) peripheral ae o fe tis ek cine i 
irritati Pysioht vagus, peripheral as belore, ¢ p g 
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ual recovery without artificial respiration ‘ Q) the ca te 
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yagus. Ludwig tracing III. is during (m) irritation of the perip ier) e : ‘a 
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chloroform accidentally squirted 


same experiment again, 


yagi with pu 
opening and placing a tube into the trachea; (0) 
P i fi .) Why Ay? . 
into the trachea and gradual death of the animal. The time of the 22 idk 
readings is noted on the Ludwig tracings. ‘Temperature in the rectum after 
d 


death 98-4 F. 
Observations. 


A. 8h, 20m. 30s.—Chloroform administered. Trritation of right 
yagus at 8h. 22m, Os. causing almost total arrest of the pulse from 
8h, 22m. Os, to 8h, 28m. 45s, During this period there were only 
25 pulsations registered, and most of these pulsations occurred during 
the last 45 seconds (vide Fick 2). Chloroform was pushed to stoppage of 
the respiration and the animal was restored by artificial respiration. The 
yagus was divided at 8h, 27m. Os. 


B. 8h, 29m, 50s.—Inritation of the peripheral end of the right vagus 

when the animal was out of chloroform. The slowing of the heart and 
great fall of blood-pressure caused by stimulation of the vagus are well 
shown on the Ludwig tracing. The administration of chloroform was 
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commenced during more or less complete inhibition of the heart (wide Fick 
5 and 6) from 8h. 30m. 10s. to 8h, 32m. 0s. The respiration ceased at 
8h, 32m, 0s, and the chloroform cap was removed, Artificial respiration 


was not begun until 8h, 33m, 55s, and natural breathing was restored at 
8h, 39m, 0s. 


C, 8h, 53m, 30s.—-Irritation of peripheral end of right vagus 
followed by rapid chloroform administration at 8h, 53m, 40s, (wide Fick 
11), At 8h, 54m. 15s, the vagus irritation was stopped, and the admin- 
istration of chloroform was discontinued at 8h, 54m, 30s. At 9h, 1m, 30s,, 
when the animal was coming round spontaneously, irritation of the peri- 
pheral end of the right vagus was again commenced while chloroform was 
pushed simultaneously and continued until 9h, 8m, 40s. The respiration 
entirely ceased at 9h. 3m, 10s, and recommenced spontaneously at 9h, 
4m, 10s. The chloroform cap was removed, but the: blood-pressure 
continued to fall, owing to the residual chloroform in the lungs, until 
9h, 4m, 40s, (wide Fick 13), The central end of the right vagus was 
irritated from 9h, 6m, 55s, until 9h, 7m, 50s, and this caused very slow 
respiration. The left vagus was divided at 9h, 9m, 40s. 


D. 9h, 14m, 20s.—Electrical irritation of peripheral ends of both vagi, 
causing an immediate fall of the blood-pressure almost to zero. Chloro- 
form administration was pushed during complete inhibition of the heart's 
action at 9h, 14m, 30s. There was entire absence of pulse-tracing for 
more than one and-a-half minutes, the blood-pressure remained nearly at 
zero, and the breathing became slow. The irritation and the administra- 
tion of chloroform were both stopped at 9h, 16m, 0s. The blood-pressure 
rose immediately to nearly its former height, It then gradually fell, 
exactly as it does in chloroform administration with normal breathing, 
and rose again spontaneously at the end of one minute, The fall of 
pressure after the cessation of vagus stimulation constitutes the most 
interesting phenomenon in this- observation, From 9h, 14m, 20s. to 
9h, 16m, Os. cardiac inhibition, with sudden and prolonged fall of blood- 
pressure, was caused by stimulation of the vagi. The arrest of the 
circulation, due to stoppage of the heart, preyented the chloroform, which 
from 9h, 14m, 30s, was saturating the air deep down in the lungs, fom 
getting into the blood. But when the circulation was resumed at: 
9h, 16m, Os, the chloroform was forthwith taken up by the blood, and 
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in the process, except to eliminate it 
trollable absorption of chloroform 
ralysis or weakening of the 
and gradual fall of the 
of the nerve centres in 


yas no longer a factor 

The effect of the uncon 
into the blood was, not to give Tse iy se 
heart, but simply to produce the eae Se a 
blood-pressure, which is associated with nar ae tie zee ae 
the medulla, in normal chloroform inhalation. y tre pened at 


9h, 19m. 0s. and a tube inserted at 9h, 19m, 50s. 


the respiration 
from the lungs. 


B. 9h, 25m, Qs.—Chloroform was accidentally squirted into the 
failing Respiration stopped at 9h, 28m. 458.5 slight thoracic movements 
me + 9h, 31m, 25s; a needle was inserted into the heart at 
oe, 20s; wel the heart-movements were perceptible until 9h, 35m, 20s, 


y ay © C 92 - 
The artery was cut and the pressure fell to zero at 9h, 36m, Os, 
Q 
November 7th.—No. 69. 


Temperature of the room 931 Cent. Full-sized pariah, but very old. Put into 


the chloroform box at 10h, 43m. 30s. The dog escaped from the box, but was 
Fallen down at 10h. 56m. Placed on the 


put into it again at 10h, 45m, 15s. é 
form from time to time to keep 


table at 10h. 56m, 45s. and given enough chloro 
him quiet. ‘Temperature +n the rectum 100°8 F. at 11h. at 20s. 
iured at 11h, 7m, Canula inserted into the artery at 11h. 6m. 

placed under both vagi. Connection made with manometers at 11h. 20m, 58. 
Three Ludwig and three Vick tracings during (7) rapid chloroform admin- 
istration until respiration ceased and for about a quarter of a minute after- 
wards, zc. for 1 minute in all ; (2) gradual recovery without artificial respita- 
tion ; (c) double ligature and division of the right vagus ; (7) irritation of the 
peripheral end of the right vagus, together with pushing of chloroform by the 
ordinary cap for 2} minutes. The distance of the coils was changed from 10 
cents, to 8 cents, inthe middle of the experiment ; (¢) gradual recovery without 
artificial respiration ; (f) irritation of the central end of the right vagus 
(Fick reading 7) ; (7) pushing chloroform for nearly one minute and stopp™s 


Artery liga- 
Loose ligature 


the respiration, necessitating resort to (/) artificial respiration ; (7) irritation of 


the central end of the right vagus again (Fick 10); (7) irritation of the periphery F| 


of the yagus again with chloroform pushed as before for five minutes ; 


spontaneous tendency to recovery assisted after 3 minutes by a short artificial 


respiration ; (7) ligature and division of left vagus ; (7) pulling at the vagy 
(n) nritation of both yagi, pushing chloroform for just over 5 minutes, W 
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artificial respiration was employed whenever the respiration stopped 80 as to 
ensure the chloroform entering the lungs. Afterwards the dog took a few 
shallow respirations and then died in spite of artificial respiration. 


Temperature in the rectum just after death 98 F, 


Observations, 


A. 11h, 22m, 50s—Pushed chloroform ; breathing stopped at 11h. 
23m. 34s,; chloroform cap removed 11h, 23m, 50s ; breathing restored 
spontaneously without artificial respiration. 


B. 11h, 30m, 0s.—Chloroform pushed with simultaneous irritation of 
peripheral end ofright vagus. The slowing of the pulse due to vagus 
stimulation is shown in Fick 4. Breathing stopped at 11h, 32m, 35s,, 
and recommenced spontaneously at 11h, 33m, 20s, Fick 7 shows the 
tracing of the respiration and pulse during irritation of the central end 
of the vagus. ‘The respiration was not stimulated, but arrested by the 
irritation of this portion of the nerve. 


©, 11h, 38m, 5s—Chloroform pushed till 11h, 38m, 55s., when the 
respiration stopped and the pulse tracing disappeared (vide Fick 8). The 
animal was restored by artificial respiration. The central end of the right 
vagus was irritated from 11h, 41m, 50s. to 11h, 42m, 20s. The effect in 
slowing the respiration, and of this on the pulse, is well shown in 
Fick 10, 


D. 11h, 51m, 55s—lIvritation of the peripheral end of right vagus 
followed at 11h, 52m, 0s, by chloroform. The irritation and chloroform were 
kept up till 11h, 57m, 0s. Respiration stopped at 11h, 54m, 0s, There were 
a few gasps at 11h, 57m, 10s. Artificial respiration was not commenced 
till 12h, Om, 40s, The animal recovered. The first respirations are seen 
in the Ludwig tracing between 12h, 1m, 0s. and 12h, 2m, 0s. The effects 
of stimulation of the vagus in slowing the heart and circulation are dis- 
played in readings 13, 14, 15, 16 and 17 Fick. The left vagus was divided 
at 12h. 4m, 55s. 


E, 12h, 12m, 45s.—hritation of the peripheral ends of both vagi and 
chloroform administration kept up till 12h, 18m, Os., the chloroform being 
inhaled by artificial respiration when natural respiration failed, Death 
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ensued. Experiment No. 65 proves that inhibition of the heart’s action, due 
to stimulation of the vagi during continued chloroform administration, pre- 
vents rather thanassists the fatal effects of prolonged chloroform inhalation, 
and that lowering of the blood-pressure either suddenly or gradually with- 
out weakening of the heart is in no sense a danger. 


November 8th—No. 66. 


Temperature of the room 21°5 Cent. Full-sized pariah dog. Into chloro- 
form box at 9h, 25m. 30s. Fallen down at-9h. 33m, Placed on the table at 
9h. 35m. 45s., and given chloroform now and again. Canula inserted into 
left carotid. Loose ligatures placed under both yagi anda large-sized glass 
tube tied into the trachea. Connection made with the manometers at 10h. 6m, 
The animal was first asphyxiated and then given ether through the tracheal 
tube by means of Junker’s inhaler. Death ensued rapidly. 


November 8th,—No. 67. 


Temperature of the room 23 Cent. Full-sized pariah dog. Into the 
chloroform box at 10h. 39m. 15s. Fallen down at 10h. 48m. 0s. Placed on 
the table at 10h. 51m. 30s. Temperature in the rectum 99:0 F, Ligature of 
the carotid at 11h, 3m. 30s. Tube placed in trachea and loose ligatures under 
both vagi. Connection made with manometers at 11h. 16m. One Ludwig 
trace and one Fick (one Fick reading is incorporated with the Fick readings 
of 68). Chloroform was administered by the Junker inhaler attached to the 
tracheal tube and death occurred very rapidly. 
given the sciatic nerve was irritated. Artificial respiration was tried for 
several minutes in vain, though it kept up a certain amount of blood-pressure, 
and ammonia was held opposite the opening of the trachea. Post-mortem 
examination showed that there wag nothing abnormal in the heart or other 
organs. Rupture of the liver had occurred and there was much blood in the 
peritoneum, but this can only have occurred after the death of the dog, as 


artificial respiration was very gently applied for a long time, Temperature in 
the rectum after death 99:4 F. 


Before the chloroform was 


November 8th.—No, 68. 


Monkey (fair-sized Macacus), 
Temperature of the room 24:5 Cent. 
table at 2h, 27m, 458, and kept 


Chloroformed at 2h. 10m. 45s. in box. 
Fallen down at 2h, 23m. 15s, On the 
quiet with chloroform from time to time, 





Temperature in rectum 1006 F. Carotid artery ligatured at 2h. 38m, Ganula 
inserted at 3h. 40m. 30s. Ligature placed under both vagi. Junker’s lead 
tube inserted into an opening in the trachea and the chloroform administered 
through it. Connection made with manometers at 3h. 5m. 30s., but stopped 
again almost immediately on account of bleeding from the artery below the 
canula, Connection again made at 3h. 19m. 15s. One Ludwig and one Fick 
tracing. During the tracings numerous attempts were made to irritate the 
right vagus, but it is not probable that the nerve had really been exposed. The 
canula slipping at 3h. 88m., an attempt was made to place it in the right carotid, 
but failed, and the experiment was closed by killing the monkey with chloroform, 
November 8th.—No. 69. 

Temperature of room 25 Cent. Full-sized pariah dog just brought in, 
Tnto chloroform box at 4h. 6m, Fallen down at 4h. 12m, 20s. Placed on the 
table at 4h, 13m, 30s. Artery ligatured at 4h. 18m. 50s. Breathing stopped 
at 4h. 19m. 40s. Artificial respiration until 4h. 20m. 30s. Temperature in 
rectum 103:2 F. Connection made with manometers at 4h, 29m. 30s. Two 
Ludwig and two Fick tracings. 

Observations. 
HM, 8 
A. 4 32 0,—Electrical irritation of the entire left vagus with the 
coils 5 cent. apart. 


B. 4 33 0,—The same, Fick reading 2, 
CO, 4 35 10.—The same, only coils approached to 0, Fick 3, 


D, 4 39 10.—The same. 

BE, 4 39 55.—Administration of chloroform, during which the right 
yagus was acoidentally irritated in the process of 
exposing it. 

F, 4 41 30,—Electrical irritation, coils 0, of the entire right vagus, 
the animal being nearly out of chloroform, 

G. 4 42 10—The same, Fick reading 6, 

H. 4 50 0,—Exposure of the sciatic nerve. 

I, 4 51 15.—Ivitation of the right vagus as before with simultaneous 
irritation of the sciatic nerve, 

J. 4 54 0—The same, Fick reading 7. 

K, 4 54 30,—Ordinary administration of chloroform. : 

L. 5 1 0,—Repetition of I and K when the dog was “ well under 
vide Fick 9. 
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M. 2: 5 0.—Administration of ether on a sponge placed in a tin 
inhaler with the air-holes open. 
N. 5 9 0.—Repetition of I, K, and M, under ether. pie 
0. 518 0,—The same. Wide Fick 11; the effect of irritating the 
vagus not marked as before. 

5 16 0,—Division of the right vagus. 
0.—Inrvitation of the peripheral end of the right vagus 

while still under ether. 

R. 5 21 0.—Ditto when dog “ quite out”. Chloroform was then 
pushed until death resulted, the heart stopping at 
5h, 25m, But the tracing was interrupted by a clot 
in the tube. 

November 9th.—No. 70. 

Temperature of the room 20 Cent. Large-sized pariah dog. Into 
chloroform box at 9h, 42m. 50s. Fallen down at 9h, 45m, 15s, On the table at 
9h, 47m. Left carotid artery ligatured at 9h. 53m, 15s. and canula inserted into 
it. Loose ligature under right carotid and both vagi. Connection made with 
manometers at 10h, 2m, 40s, Two Ludwig and one Fick tracings, 


en 
o 
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Observations. 
H, M, 8. 
A. 10 38 80,—Clamping the right carotid artery so that both carotids 
were obstructed. 
B. 10 6 40.—Administration of ether in.an open inhaler, through 
which there was free entrance of air during the clamp- 
ing of the carotid and after the clamp was taken off. 


C. 10 17 35,—Ligature and division of the right vagus. 

D. 10 19 10.—Peripheral irritation of the right vagus with a 5 cent 
coil, Cornea insensitive. 

E. 10 20 15.—Repetition of D, vide Fick reading 7. 

F, 10 22 0,—Exposing sciatic nerve, 

G. 10 24 10,—hritation of the sciatic nerve, coil 5. No effect, 

Hy, 10 37 35,—Opening the trachea and fixing a tube in it. 

I 10 89 55,—Administration of ether on a blotting paper cone held 


over the end of the tracheal tube. This, however, 
failed to keep the dog insensitive, although a little 
ether was squeezed into the tube, 
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H, M, 8, 

J. 10 48 40,—Continued ether administration with the end of the 
tube closed by compressing the cone and afterwards 
by squirting a little ether into the trachea. 

K, 10 51 50s. —Artificial respiration in vain, 

Temperature after death 97°6 F, Post-mortem—Blood on both sides of 
the heart; large plug of venous blood at the bifurcation of the trachea 
extending far down into the bronchi, probably the result of blood running into 
trachea, post-mortem, when the tube was taken out, as this was observed to 
happen in No, 71 after the tube was taken out, The upper readings on the Fick 
manometer tracing were produced by a system of Marey’s tambours connected 
with a pin stuck into the diaphragm, 

November 9th.—No. 71, 

Temperature of room 22:5 Cent. Full-sized pariah. Weight 30 lbs. Into 
box at 11h. 2m. 40s, and chloroform commenced, Fallen down at 11h. 6m. 
10s. On table at 11h, 9m. 45s. Kept quiet with chloroform. Respiration 
stopped at 11h. 12m, Artificial respiration directly this was observed and con- 
tinued till 11h, 12m. 50s, when spontaneous respiration recommenced. A good 
deal of hemorrhage from vessels in the neck. ‘Two veins and one small artery 
ligatured. Artery ligatured at 11h, 25m. Ganula inserted at 11h. 26m. 30s. 
into left carotid. Loops under both vagi, the right carotid and trachea, Tem- 
perature in rectum 99:4 F. Connection made with manometer at 11h, 33m, 55s, 

Two Ludwig and one Fick tracing, 

Observations, 
Hy M, &, 

A. 11 35 40.—Clamping of the right carotid so as to close both 
carotid arteries. 

B. 11 88 20.—Exposing the sciatic nerve. 

C. 11 88 50.—Ordinary chloroform administration. 

D. 11 40 40,—Iritation of the sciatic coil 5 when hardly under 
chloroform, which was being pushed. 

EH, 11 41 30,—Ligature and division of right vagus. 

F. 11 47 10,—hvitation of sciatic again after administration ot 
chloroform had ceased, but dog still under. 

G. 11 47 30,—hritation of the sciatic again, but in the middle increas- 
ing the strength by moving the coil to 0 (Fick read- 
ing 6). The irritation of the sciatic producedno effect. 

H. 11 50 0,—Opening the trachea and placing a tube in it. 
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HM. OB, : 
- J, 11 52 0.—Giving chloroform on a cone of blotting paper attach- 
ed to the tracheal tube. 
J. 12 0 40,—Administration of ether in the same way for a few 


seconds by mistake. 

K, 12 4 0—Pulling at the right vagus. 

L. 12 4 50.—Tritation of the peripheral end of the right vagus, 
coil 5 during continued pushing of chloroform. 


M. ae Irritation of both right vagus and sciatic during: 
continued pushing of chloroform, Stoppage of the 
respiration at 12h, 8m, Os, and spontaneous re- 
covery at 12h, 9m, 45s. 

N, 12 10 30.—Squirting $a drachm of chloroform into the tracheal 

tube, and— 

O, 12 11 30,—hritation of the right yagus again, The end was 

obscured by a clot in the tubes. 


Temperature at death 98 F. 
Noyember 9th.—No. 72." 

Temperature of the room 23°5 Cent. Fullsized pariah dog, Weight 
80 Ibs. Into the chloroform box and chloroform given at 2h. 21m. 50s. 
Placed on the table at 2h. 25m. 35s. and kept quiet with chloroform, 
breathing at 2h, 24m, 15s. Artificial respiration until 2h. 35m. 45s. ‘Tempera 
ture 108°8 F. in the rectum, Left carotid ligatured at 2h. 36m. 45s. Right 
jugular vein ligatured and canula inserted at 2h. 52m. Connection made with 
the manometer at 2h. 53m. 30s. One Ludwig and one Fick tracing showing 
the effect of injecting ether and afterwards chloroform into the jugular vein, 


Temperature after death 1022 F. Post-mortem—the blood in the left side of 
the heart was clotted, 


Stopped 


Observations— 


A. 2h, 58m, 45s.—Fifteen minims of ether injected into the jugular 
vein: no appreciable effect. At 2h. 59m, 40s, twenty minims of ether 
were again injected. Between 3h, 1m, 0s. and 3h, Im. 30s, one drachm of 
ether was injected into the jugular vein and the blood-pressure fell very 
rapidly. The respiration stopped at 3h. 2m. 0s, and the Fick reading 2 
shows almost total arrest of the pulse tracing exactly similar to that caused 


* Nos, 72 and 78 may be grouped with Nos, 77, 91, 92 and 93. 
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by vagus stimulation after cessation of the respiration from chloroform 
poisoning. At 3h, 2m, 20s, artificial respiration was commenced and 
natural respiration was restored at 3h, 4m, 30s, 


B, 3h, 8m, 30s.—Twenty minims of chloroform injected into jugular 
vein, The effect was precisely the same 


as that of the intrayenous injec- 
tion of ether, 


Fick reading 4 with chloroform is identical with Fick 
reading 2 with ether, This and other experiments, when pure chloroform 
and ether were injected into the large veins of the neck, show that even 
pure chloroform or ether in the blood do not stop the heart till after they 
have produced narcosis and paralysed the respiration, 


The most important point in Experiment 72 is that after a considerable 
amount of ether had been injected into the jugular vein and a rapid condition 
of pulse had been produced, the effect of injecting chloroform into the jugulars 
was much greater, and the fall of blood-pressure was much more rapid and 
dangerous than in the case when chloroform alone was injected, 


November 9th.—No, 73.* 


Temperature of the room 24 Cent, Full-sized pariah. 
Put into chloroform box at 3h, 28m. Fallen down 
on the table at 3h, 36m, 30s, 
ligatured and canula inserted, 


Weight 32 lbs, 
at 3h, 35m, 40s, Placed 
Temperature 102-2 F, in rectum, Jugular vein 
Left carotid ligatured at 3h, 45m, Connection 
made with the manometers at 3h, 50m, One Ludwig and two Fick tracings 
during injection of ether (Fick 2) into jugular vein, afterwards chloroform 
(Fick 5) and again ether (Fick 9), which brought about death, Temperature 
after death 100 F, Post-mortem—Small clot in the left ventricle, which was 
filled with venous blood, clot in superior yena caya, Serous fluid in the 
pericardium, 


Observations, 
H, M, §, 
A. 3 53 10.—Injection of twenty minims of ether into deep jugular 


vein ; repeated at 3h, 53m, 35s., 3h, 54m, 5s,, and 
3h, 54m, 30s. The effect is shown in Fick reading 2. 


B, 3 59 40.—Injection of twenty minims of chloroform into jugular 
vein ; the effect is shown in Fick reading 5 and is 
identical with that produced by ether. 





* Nos, 72 and 73 may be grouped with Nos. 77, 91, 92 and 98, 
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5,—Injection of twenty minims of ether. See Fick read- 
‘ing 9, The injection was followed by rapid fall 
of pressure; the respiration stopped at 4h. 6m. 40s.; 
gasping took place at 4h, 8m. 0s. ; the thorax was 
opened at 4h, 9m, Os., and the heart was found still, 
with a clot in the left ventricle. The disastrous 
effect of injecting ether after chloroform is well 
shown in this experiment. 
November 11th,—No. 74. ' z 
Temperature of the room 19°5 Cent, Rather small pariah dog, = sien 
21 lbs, Into chloroform box at 8h, 13m, 30s. Fallen down at 8h, ae 
Placed on the table at 8h, 21m, 50s, Temperature in the oem - 
Left carotid ligatured at 8h, 28m, 10s, Right jugular Bia ligaturec at i: 
33m, and canula inserted into left carotid 8h, 44m, Connection made with 
the manometers at 8h, 46m. 15s, Two Ludwig and three Fick tracings. 
Observations. 
HM, (8 
A, 8 47 30,—Ordinary chloroform administration, 


& 


8 48 20,—Thrusting a needle into the heart. 

C, 8 49 25,—TIrritation with a 10 cent. coil of the right vagus entire, 
(Fick reading 3), 

D. 8 51 5,—Chloroform again rapidly. Stoppage of respiration and 

recovery with artificial respiration, 


= 


9 0 0—Tnjection of atropine 1-50th grain into the jugular vein. 

F. 9 6 40,—Chloroform administration again during struggling ; 
the respiration again stopping and necessitating 
artificial respiration, 

G. 9 14 25,—TIrritation of the right entire vagus. 

H. 9 16 50,—Injection of 1-25th grain of atropine into jugular vein. 

I, 9 22 5,—Irritation of right vagus again when animal under 


influence of atropine. Coils moved from 10 to 5 
and then to 0 (Fick 13), 


K. 9 34 30.—Pushing chloroform until death. 


Heart was still beating 3 minutes after the pulse became imperceptible. 
Temperature after death 97:4 F. 


Post-mortem—Two drachms of blood in the pericardium ; no clot in heart. 
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November 11¢h,—No. 75, 

Monkey (Macacus), Weight 16 lbs. Into chloroform box at 10h, 29m, 50s, 
Fallen down at 10h, 34m. 30s. Placed onthe table at 10h, 47m, and kept quiet 
with chloroform from time to time. Temperature in the rectum 101:8 F, Loop 
under both vagi. Artificial respiration 10h. 57m, 15s. to 10h, 58m. 5s, Left 
carotid ligatured at 11h, Im, 30s, Canula inserted at 11h, 4m, 50s. Connection 
made with manometer at 11h, 18m. 10s, Two Ludwig and two Fick tracings, 


Observations. 
HM. = 8 


ING lat salt) 0,—Ordinary chloroform administration, 

B. 11 21 20,—Holding ammonia before the nostril, 

©. 11 24 40,—Holding acetic acid before the nostril, 

D. 11 26  0,—Dropping a few minims of chloroform into the nostril, 

EK. 11 45 50,—Ivritation of the entire right vagus, coil at 10 cents, 
(Pick 4). 


F. 11 48 0,—The same with the Ludwig manometer connected. 


G. 11 53  0,—tItritation of the entire right vagus, coil at 5 (Fick 5), 
H. 11 58 40,—hritation of the right vagus, coil at 0 (Fick 6), 

I. 12 2 20,—Thrusting needle into the heart, 

K, 12 3 45,—Pushing chloroform until death, 


Needle entered the left ventricle. Temperature soon after death 97 F, 
November 11th—No. 76, 


(In the presence of His Highness the Nizam.) 

Pariah dog. Weight 37 Ibs. Temperature of the room 23:5 Cent, Into 
chloroform box at 2h. 21m. 36s, Fallen down at 2h. 28m, 30s. Placed on the 
table at 2h. 830m. 50s, and kept quiet with chloroform. Artificial respiration 
at 2h. 40m, 25s. and until 2h, 44m. 15s. Carotid ligatured at 2h, 41m, 5s, 
Temperature in the rectum 100 F, Loop under both yagi. Connection made 
with manometer at 2h. 48m, 25s —Two Ludwig and two Fick tracings, 


Observations, 
HOM 8. ‘ 
A, 2 48 25.—Ordinary chloroform administration in several in- 
stances, 


B. 2 51 50,—hritation of right vagus repeatedly (Fick 2—4), 


OC, 3 84 5,—The same after the injection of atropine into the 
jugular veins (Fick 6). 
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H, M. 8. 
D, 3 40 0,—Thrusting needle into heart. 


EB. 3 42 30.—Inhalation of ammonia. 


F. 3 43 0,—Pushing chloroform until after respiration had com. 
; pletely stopped, and then 
G. 3 46 0,—Restoration by artificial respiration. 
H, 3 48 20,—Pushing chloroform until death resulted. 
Temperature after death 99-4 F, 
November 12th.—No. 77. 

Temperature of the room 18°5 Cent. Medium-sized pariah 26 lbs. Into 
chloroform box at 7h. 27m. 12s. Fallen down at 7h. 36m. 50s. On the table 
at 7h, 38m, 50s. Artery ligatured at 7h. 50m. 10s. Temperature in the rectum 
99:2 F. Canula inserted into the left carotid at 7h, 58m, 50s. Right jugular 
ligatured at 8h. 3m, 10s. Connection made with manometer at 8h, 13m. 
Three Ludwig and one Fick during repeated injection of ether into the 
jugular vein in doses of first 20m., then 40m., and 60m., and finally 120m. One 
injection of 60m, was also made into the thigh subcutaneously. When the 
pulse was no longer perceptible, a needle was thrust into the chest, but did not 
reach the heart and consequently did not moye. The dog was still gasping 
occasionally until the thorax was opened at 9h. 12m., when the heart was 
found to have ceased beating, but rhythmical wayes in the heart-wall occurred 
until 9h, 24m., although the heart had been remoyed from the body and cut — 
open. ‘Temperature after death 98 F. Post-mortem—Large clot in left yen- 
tricle, Right side full of clots, 


Observations, 
EINE fh | 


A. 8 13 30,—Ether 20 minims injected into jugular vein ; no effect: 

B, 8 18 20.—Repeat injection of 20 minims of ether ; this injection 
was followed by slight fall of blood-pressure, } 

C. 8 19 50.—Another 20 minims of ether injected into the jugular | 


vein. The fall of blood-pressure again occurred to 
a greater extent. 4 
D. 8 24 10,—Repeat ether injection. A still further fall of pressure — 


is noticeable and the recovery from this fall was 
slow. § 


8 27 20,—Forty minims of ether injected into the jugular vein. 
A very rapid and deep fall of blood-pressure took 
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place and the pulse tracing disappeared (wide Fick 4). During recovery 
at 8h, 32m. Os, and 8h, 35m, 0s. the blood-pressure twice rose and fell 
again ina remarkable manner without any apparent cause. (Compare 
with Experiment 117, Observation G at 9h, 23m, 50s, to 9h, 25m, 15s). 
The condition of respiration was not recorded at these times. 


F. 8h, 40m, 0s.—Repeat injection of 40 minims of ether into 
jugular. During recovery at 8h, 47m. 40s, a drachm of ether was injected 
subcutaneously into the thigh. Recovery was arrested and a slight fall of 
pressure took place; but no marked effects were produced. 


G. 8h, 50m, 20s,—Injection of 60 minims of ether into jugular vein. 
This was followed by rapid fall of pressure and complete loss of pulse 
tracing, and the respiration stopped at 8h. 53m, 0s. The pupils were 
widely dilated. The animal began gasping at 8h. 54m, 40s, and recovery 
gradually took place, but the blood-pressure was not fully restored. 


H. 9h, 7m, 40s.—Repeat injection of ether into jugular yein. This 
time 120 minims were injected. ‘The pressure rapidly fell again and the 
respiration stopped for 20 seconds, after the injection was concluded, A 
few gasps took place at 9h. 10m, Os. ; the thorax was opened at 9h, 12m, 
Qs. and rhythmical wave-like movements were observed in the ventricular 
walls of the heart, which continued until 9h, 24m. Os, after the heart had 
been removed from the body. Large round clots were found in the left 
ventrical extending into the aorta ; and the right side was full of clot. 


Experiment 77 shows that the effect of ether is precisely the same as that 
of chloroform, only less intense. Like chloroform, ether, when efficiently 
given, produces first narcosis, then stoppage of the respiration and then death, 
All the observations in the experiment show that every time ether was 
injected into the blood, a fall of blood-pressure was produced ; and yet it is 
the practice now-a-days to inject ether subcutaneously when chloroform 
poisoning occurs. It would be just as sensible to mject chloroform sub- 
eutaneously in cases of poisoning from ether, Cases have even been recorded 
recently where ether has been injected subcutaneously in ether poisoning, 
This manifestly dangerous and unsound principle of treatment arises from 
the fact that ether is regarded as a safe stimulant, whereas it merely quickens 
the heart’s beats. Experiment 77 shows that it is nob a reliable stimulant 


under any circumstances. 
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H. M, 8. 
D, 3 40 0,—Thrusting needle into heart. 
E. 3 42 30.—Inhalation of ammonia. 
F. 3 43 0,—Pushing chloroform until after respiration had com- 


pletely stopped, and then 
G. 3 46 
H, 38 48 20,—Pushing chloroform until death resulted. 
Temperature after death 99:4 F, 
November 12th.—No. 77. 


0.—Restoration by artificial respiration. 


Temperature of the room 18°5 Cent. Medium-sized pariah 26 Ibs. Into 
chloroform box at 7h. 27m. 12s. Fallen down at 7h. 36m. 50s. On the table 


at 7h. 38m. 50s. Artery ligatured at 7h. 50m. 10s. Temperature in the rectum 
992 F. Oanula inserted into the left carotid at 7h, 58m, 50s, 
ligatured at 8h. 3m. 10s. Connection made with manometer at 8h. 13m. 
Three Ludwig and one Fick during repeated injection of ether into the 
jugular vein in doses of first 20m., then 40m., and 60m., and finally 120m. One 
injection of 60m, was also made into the thigh subcutaneously. When the 
pulse was no longer perceptible, a needle was thrust into the chest, but did not 
reach the heart and consequently did not moye. The dog was still gasping 
occasionally until the thorax was opened at 9h. 12m., when the heart was 
found to have ceased beating, but rhythmical waves in the heart-wall occurred 
until 9h, 24m., although the heart had been removed from the body and cut 
open, ‘Temperature after death 98 F, Post-mortem—Large clot in left yven- 
tricle, Right side full of clots, 


Right jugular 


Observations, 
H, M, 6. 


A. 8 13 30.—Ether 20 minims injected into jugular vein ; no effect. 


& 


8 18 20.—Repeat injection of 20 minims of ether ; this injection 
was followed by slight fall of blood-pressure. 

8 19 50,—Another 20 minims of ether injected into tho jugular 
vein. ‘The fall of blood-pressure again occurred to 
a greater extent. 

8 24 10.—Repeat ether injection. A still further fall of pressure 


is noticeable and the recovery from this fall was 
slow. 


8 27 20,—Forty minims of ether injected into the jugular vein. — 
A very rapid and deep fall of blood-pressure took : 
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place and the pulse tracing disappeared (wide Fick 4). During recovery 
at 8h, 32m. 0s, and 8h, 35m, 0s. the blood-pressure twice rose and fell 
again in a remarkable manner without any apparent cause, (Compare 
with Experiment 117, Observation G at 9h, 23m, 50s, to 9h. 25m, 15s), 
The condition of respiration was not recorded at these times. 


Ff, 8h, 40m. 0s.—Repeat injection of 40 minims of ether into 
jugular. During recovery at 8h, 47m. 40s, a drachm of ether was injected 
subcutaneously into the thigh, Recovery was arrested and a slight fall of 
pressure took place; but no marked effects were produced. 


G. 8h. 50m, 20s.—Injection of 60 minims of ether into jugular vein. 
This was followed by rapid fall of pressure and complete loss of pulse 
tracing, and the respiration stopped at 8h. 53m, Os. The pupils were 
widely dilated. The animal began gasping at 8h. 54m, 40s, and recovery 
gradually took place, but the blood-pressure was not fully restored. 


H. 9h. 7m, 40s.—Repeat injection of ether into jugular vein, This 
time 120 minims were injected. ‘The pressure rapidly fell again and the 
respiration stopped for 20 seconds, after the injection was concluded, A 
few gasps took place at 9h. 10m, 0s, ; the thorax was opened at 9h. 12m, 
0s. and rhythmical wave-like movements were observed in the ventricular 
walls of the heart, which continued until 9h, 24m. 0s, after the heart had 
been remoyed from the body. Large round clots were found im the left 
yentrical extending into the aorta ; and the right side was full of clot. 


Experiment 77 shows that the effect of ether is precisely the same as that: 
of chloroform, only less intense, Like chloroform, ether, when efficiently 
given, produces first narcosis, then stoppage of the respiration and then death, 
All the observations in the experiment show that every time ether was 
injected into the blood, a fall of blood-pressure was produced ; and yet it is 
the practice now-a-days to inject ether subcutaneously when chloroform 
poisoning occurs. It would be just as sensible to inject chloroform sub- 
eutaneously in cases of poisoning from ether. Cases have even been recorded 
recently where ether has been injected subcutaneously in ether poisoning. 
This manifestly dangerous and unsound principle of treatment arises from 
the fact that ether is regarded as a safe stimulant, whereas it merely quickens 
the heart’s beats. Experiment 77 shows that it is not a reliable stimulant 


under any circumstances. 
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November 12th.—No. 78. a 
Monkey (Macacus), Weight 10} lbs. Temperature of the room 21 Cent, 
a 


Tnto chloroform box at 10h, 4m, 30s. On to table at 10h, 9m. 23s, and kept 
quiet with chloroform, Temperature in rectum 98°F, Artery ligatured at 
10h, 34m, 50s, Loops under both vagi. Connection made with manometer at 
10h, 46m, 30s, Two Ludwig: and one Fick tracing. 
H OM. 8. Observations, 
A, 10 49 0,—Ordinary chloroform administration. 
B, ohheni Violent struggling with great irregularity of blood- 
pressure. 
©, 10 54 20,—Dropping chloroform into nostril ; effect of struggling 
again shown, 
D, 10 55 20,—Pushing chloroform until respiration stopped. 
E, 11 6 20.—Mechanical irritation of the right vagus, 
F. 11 7 0.—Electrical irritation of the entire right vagus, coils 
10 cent, distant (Fick 8), 
G, 11 10 50,.—Ligature of the right vagus, 
H. 16 26 35.—Division of the same. 


11 29 40.—hritation of the peripheral end of the right vagus, coil 
at 10 (Ludwig tracing), 


J. 11 31 0,—The same, only coil at 5 (Fick 9), 


K. 11 33 0,—Injection of atropine into the peritoneal cavity. 
Ab, 


11 39 40.—hritation of the peripheral right vagus again, coil 
5 (Fick 11), 
M, 11 45 30,—The same, only coil 0, 
NB. 


nearly so gr in previ cperi i 
arly so great as in previous experiments, though the animal was very readily 9 


Hopeless clotting stopped the manometer at 11h. 56m. 20s. ; 


was given chloroform finally with the view of killing it. ) obama 
i it. 


Respiration stopped ; 

ues 40s. ; pulse perceptible until 12h, 6m, 30s. Heart loumonitl | 
i. ‘e) a 

a o a Enos ax opened and heart still beating thythmically at 12h, 
oe Be di : ood ee into the aorta at each beat. The contractions P 
: metlective at 12h. 18m, 40s.. 1} re re- i 4 
compressing the septum and continued until Cerne ea lawaie” ; 


12h. 28m, Irregular flickering 


continued even after this for s i 
* some minutes. Temperature 98 F, in the rectum. 





—The effect upon the blood-pressure of pushing chloroform was not 
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November 12th.—No. 79. 


Good-sized pariah, weight 33 lbs., that has had two doses of phosphorus— 
one yesterday, the other to-day, each 1-16th of a box of James’ beetle paste. 
Into chloroform box at 2h. 9m. 34s. Fallen down 2h, 23m, 39s, Placed on the 
table at 2h, 24m. 26s. Respiration stopped at 2h. 24m, 45s. Artificial respira- 
tion until 2h. 27m, 39s. Artery ligatured and canula inserted at 2h, 36m, 13s. 
Temperature in the rectum 100 F. Connection made with the manometer at 
2h, 39m, 30s. Two Ludwig and one Fick tracing. 


H. M, 8. Observations. 

A, 2 41 50,—Change to the vertical position of the body. 

B. 2 43 10,—Chloroform administration while in the vertical position, 
CG, 2 44 45.—Ammonia inhalation do. 

D, 2 46 40,—Squirting chloroform into the nose do, 

E. 2 49 40,—Evulsion of the nails do, 

F, 2 50 55,—Extraction of teeth do. 

G. 2 52 55,—Violent slap with open hand on abdomen do, 


H. 2 54 30,—Restoration to the recumbent position on the table, 


4 
bo 
or 
a 


§ 20.—Inversion of the body so that the dog was com- 
pletely head downwards and again lowering to the 
recumbent position, 

J. 2 57 40,—Chloroform administration in the ordinary position. 

K, 3 1. 0,—Attempts to pass grooved staff and Thompson's dilators 

into the bladder, 

L, 315 5,—Slitting prepuce. 

M. 3 17 20,—Pushing chloroform carelessly until after respiration 

had ceased. 


Temperature after death 99 F. ‘The organs did not appear to be fatty, 


November 13th,—No. 80. 


Large monkey (Macacus), 21 Ibs., caught in the hospital compound, Tnto 
chloroform box at 3h. 31m. 38s, On the table and kept quiet with chloroform 
3h, 37m, 40s. Temperature 1002 F. Canula inserted into left carotid, Loop 
under both yagi. Connection made with manometers at 2h. 39m, 30s. 
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Two Ludwig and two Fick tracings. 
H, M, 8. Observations. 
A, 4 7 40,—Ordinary chloroform administration, 
struggling: is well shown. 


B. 411 0.—IDritation of right vagus, entire, coils 8} cent. distant 


(Fick 4). 


Q 


4 14 10,—hritation of left vagus, entire, 8} coil (Fick 5), 
D. 4 14 50.—Chloroform again, 


4 17 45,—Injection of }th grain atropine into peritoneal cavity, 


oS 


4 19 30,—tIrritation of right vagus, coil 8} again (Fick 6). 


4 20 30.—Trritation of entire left vagus, coil 0 (Fick 7). 


aS 


. 4 22 30.—Pushing chloroform until respiration stopped com- 
pletely, and restoration by artificial respiration, 
The effect of struggling is well brought out in this 
observation. 


(Manometer tracing was interrupted at 4h, 33m, to 
divide the left splanchnic nerve and started afresh 
at 4h. 49m, 50s, after cutting the left splanchnic 
nerve which did not appear to effect pressure much.) 

I, 4 50 40,—Administration of chloroform for a short time, 
J. 4 53 0,—Kyvulsion of nails, 


K, 4 56 30.—Squeezing and afterwards smashing the testicles. 
L, 4 58 20.—Pushing chloroform. 


M. 4 59 0.—Thrusting needle into the heart and death, 
Slow gasping movements of the chest continued after the heart had ceased 


to beat, ‘Temperature after death 98:2 F, Post-mortem—There was very little 


hemorrhage into the abdomen, The left splanchnic divided, right intact, No 
clot in heart, 


November 13th—No. 81. 


Medium-sized pariah dog, weight 30 lbs,, which has been dosed with phos- 
phorus for 2 days, 1-16th of a box of paste each day. Into chloroform box at Th. 


50m. 308. Fallen down at 8h, 1m, Placed on the table at 8h. 4m, 20s, Carotid — 


ligatured at 8h, 14m, 10s, 


Canula inserted at 8h. 19m. 30s, ‘Temperature 


The effect of 


Sibi pepsin). 
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100'4F. in the rectum, Connection made with manometers at 8h, 25m, 10s, 
Loops under both vagi. Two Ludwig and one Fick tracing. 


He OMe Observations. 


A, 8 28 30,—Application of bicarbonate of soda to the entire 
right vagus, 
B, 8 30 35,—Change to the vertical position and restoration to the 
recumbent again. 
}. 8 33 20,—Chloroform administration. 
D. 8 37 10,—Blow on testicles, 
q 0,—Pushing chloroform with struggling until respiration 
ceased (ude Fick 5 and 6), 
_F, 8 42 10,—Artificial respiration. 
3. 8 47 30,--Injection of ith grain atropine into the peritoneum. 
H. 8 53 10,—lvritation of right entire vagus, coil at 0. 
0,.—The same (vide Fick 9), 
J, 8 57 30,—Pushing chloroform with violent struggling. 
Fall of pressure very rapid, and the dog: died in spite of artificial respiration. 
‘A clot in the vessels interrupted the tracing before the heart stopped. ‘Tempera- 
ture after death 97-4 F. Post-mortem—Organs not particularly fatty. 


November 13th,—No, 82. 


Good-sized monkey (Macacus), Weight 15 lbs. Temperature of tho 
room 20'5 Cent, Into chloroform box at 10h, 57m, 18s, Fallen down at 10h, 
4m. 17s, On the table at 10h, 6m. 52s, and kept quiet with chloroform, 
Artery ligatured at 10h, 35m, 53s. Canula inserted at 10h, 39m, 30s, Temper- 
ature 99°2 I*, in the rectum, Connection made with manometers at 10h 47m, 
50s, ‘Two Ludwig and one Fick tracing. 


H, M. 8 Observations. 


A. 10 53 30,—Chloroform administration on a cap in the ordinary 
way ; violent struggling, 
B. 10 58 10,—Pushing chloroform until respiration stopped ; re- 
covery without artificial respiration. 
C, 11 10 20.—Division of both vagi. 
D. 11 19 10,—Pushing chloroform until death resulted. 
Temperature after death 994 We 
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November 13th,—No, 83. 


Medium-sized monkey (Macacus), Weight 12 Ibs. Temperature of the 
room 23 Cent. Into chloroform box at 2h, 21m, 33s, Fallen down at 2h, 30m, 
15s, Placed on table at 2h. 32m. 10s. Carotid ligatured at 2h, 39m, 35s, and 
canula inserted. Temperature in the rectum 103'2 F. Kept quiet with chloro. 
form until connection made with manometers at 2h, 46m. 15s. Three Ludwig 
and one Fick tracing. 


Observations. 


HO OM, & 
, 2 47 0,—Gradual coming out of chloroform, 
Wye) 


49 0,—Ordinary chloroform administration with struggling, 
. . . eh: y 
showing great irregularity of the blood-pressure, 


C, 2 52 0,—Change of position to the vertical, during which— 
D. 2 53 0,—Extraction of teeth, 
KE. 2 55 20.—More chloroform and struggling at intervals. 
F, 2 58 30,—Restoration to recumbent position, 
G. 3 65 0,—Exposure of the ulna nerve at the elbow, 
H. 3 7 0,—Tugging at the ulna nerve, 
I. 3 8 20,—Incision into abdomen over the stomach. 
J, 3 16 0,—Ligature of a glass tube into that organ ; stitching 
of the abdominal wound, 
K. 3 19 20.-- Inflation of stomach ;with air and suddenly allow- 
ing the air to escape, ; 
L, 8 25 0,—Re-opening the wound and re-adjusting the stomach 
tube and re-stitching the abdominal wound. 
M. 3 42 40.—Injection of hot water into stomach, 
N, 0 0,—Injection of one-twelfth grain apomorphine into peri- 
toneum. 
0, 4 1 0,—Placing a thermometer in the rectum, 
ee 2 30.—Artificial respivation at times, the respiration being 
gasping and irregular, 
Q. 4 


9 40.—Iced water into stomach ; running out through the 
nose, 


72 " 
5 
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Experiment interrupted by hopeless clotting at 4h, 12m, Stopped breath- 
ing at 4h, 17m, 40s. The heart-needle stopped moving a few seconds before 
the thorax was opened and the heart was found to be quite still, Temperature 
after death 97'8 F. 


November 14th,—No, 84. 


Temperature of room 19°75 Cent. Medium-sized, well-nourished pariah 
dog, weight 35} lbs., who has had daily doses of phosphorus for three days, 
Chloroform commenced in box at 7h, 37m. Fallen down at 7h. 42m, On table 
at Th, 44m, 45s. Artery ligatured at 8h, 52m, and canula inserted. Tempera- 
ture in the rectum 100°8 F. Connection made with manometers at $h, 10m. 
30s, ‘Two Ludwig and one Fick tracing. : 


H, M, 8. Observations. 
A, 8 13 20,—Division of rectus muscle of the eye-ball. 
B. 8 16 20.—Blow on the testicle. 
c, § 24 0,—Chloroform administration repeatedly, often accom- 
panied by struggling. 


D. 8 24 40,.—Evulsion of nails. 

BH, 8 25 39,—Snipping anus. 

F. 8 27 0,—Pushing chloroform until respiration ceased, 

G. 8 29 40,—Artificial respiration, 

H, 8 41 0,—Exposure, ligature, and division between ligatures of 


both vagi. 
I. 8 45 30—Pushing chloroform until respiration ceased ; fatal 
result (vide Fick 8). 
From the character of Fick reading 8 and the Ludwig tracing just be- 
fore, it is doubtful if the vagi were really divided. Temperature afier death 97 F. 


In this experiment the absence of any effects from the operations which 
are usually said to be dangerous under chloroform is well brought out ; also the 
rapid and irregular falls of ithe blood-pressure when the animal struggles 
and breathes irregularly during the inhalation of the anesthetic. 


November 14th.—No, 85, 


Temperature of the room 21 Cent, Medium-sized dog, weight 30} lbs, 


that has had phosphorus daily for 3 days, 1-16th of a box. Into chloroform 
10 





Monkey (medium-sized Macacus), 












_ box at 9h, 42m, Fallen down at 9h. 45m, 10s, Placed on the table at 9h, 46m, 
45s,, after which its breathing was noticed to have stopped. Artificial respira, _ 
tion was commenced at once, but failed to bring him round, although there — 
me was a pulse some time after it commenced, a 
This is a case where a weak sick animal was left in the chloroform box 
aia and its respiration neglected while it was being transferred to the 
table, 


November 14th.—No, 86. 


Weight 11 lbs, 
at 10h, 27m, 22s, Fallen down at 10h, 13m, 15s, 
kept quiet with chloroform, Carotid ligatured at 10h. 33m, 40s, Canula in- 
serted at 10h, 39m, 30s, Temperature in the rectum 101 F. Connection made 
with the manometers at 10h, 44m. Three Ludwig and one Fick tracing, 


Into chloroform box 
Placed on the table and 


Observations. 
By M's: 


A, 10 45 20,—Small incision into abdomen, 

B, 10 47 10,-Administration of chloroform : struggling, and irregu- 
larity of the blood-pressure. 

0, 10 49 50,—Injection of 1-12th grain apomorphine into abdominal 
cavity. (The animal then lay almost perfectly 
quiet without more chloroform for almost an hour, 
during which he was given another dose of apo- — 


morphine 1-12th grain.) E 


D. 11 43 30.—Pushing chloroform, with struggling, until respiration 
ceased ; recovery with artificial respiration, 

E, 11 46 0,—Thrusting a needle into the chest but not into the hear 
PF, 11 51 380.—Effect of letting the tongue drop. j 
a a. 
G. 11 54 30.—Repetition of D and KE, and thrusting a needle into the 
heart. a 
Q . . . | 
H, ue 129 0,—Injection of atropine, } grain, in abdomen, and finally 4 


pushing chloroform until death resulted, 


Thorax opened at 12h, 26m 
‘there were again regular moyeme 
on until 12h, 23m, 








. respiration haying stopped, but afterwards — 


ae nts of the diaphragm, which continued off and — 
8., when they finally stopped, The tracing was stopped . 
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by hopeless clotting at 12h, 31m, Heart stopped very gradually, but not 
finally until 12h, 87m. Temperature after death 95-4 F, 
November 14th.—No, 87. 

Mr. Ulett’s bull dog, weight 31 Ibs,, suffering from tumours in the inguinal 
region, Into chloroform box at 2h. 14m, 10s. Fallen down at 2h. 23m. 10s. 
Placed on the table and kept quiet with chloroform, ‘Temperature in the 
rectum 102 F, Loops under both vagi. Artery ligatured at 2h. 34m. 30s. 
Canula inserted 2h. 40m. 20s. Connection made with manometers at 2h, 43m, 
40s, One Ludwig and one Fick tracing. 

HM. 8, Observations, 

A, 2 46 30,—Ordinary chloroform administration, 

B. 248 0,—hritation of entire right vagus with coils at 5 centi- 
metre distance, 

©, 2 53 50,—Pushing chloroform, with accidental compression of the 
neck by a strap (vide Fick 3), The same slowing 
of the pulse was produced as is observed when the 
vagus is irritated, 

Pushing chloroform until respiration eompletely 
by, 8 © MO ceased, 
Failure to restore the animal by artificial respiration, 

Temperature after death 101-2 F, 

November 14th,—No. 88. 

Temperature of room 24 Cent. Medium-sized pariah dog. Weight 30 bs, 
Into chloroform box at 3h, 22m, 26s, Fallen down at 3h, 24m, 45s, Placed on 
the table at 3h. 26m, 25s, Artery ligatured at 3h, 37m, Temperature in the rec- 
tum 100'2 F, Canula inserted at 3h. 40m, 53s. Connection made with manometers 
at 8h, 50m, 11s. Loops under both vagi. One Ludwig and one Fick tracing. 

HM & Observations. 

A. 8 51 0,—Pushing chloroform accompanied by struggling until 
respiration stopped. (The trace is spoilt by the 
drum not rotating for nearly a minute.) The fall of 
pressure was extremely rapid and irregular, Fick 
2 shows that when the respiration is stopped by 
an over-dose of chloroform, a condition of pulse 
similar to that caused by vagus stimulation may be 
produced, 
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B. 8 52 50,—Recoyery with artificial respiration. 
©. 3 59 20,—Pressure on abdomen, 
Pushing chloroform again until respiration stopped, 
Division of both vagi while the animal was ‘deeply 
iD a Oe under, Fick 5 shows that after division of the 
: ; yagi the slowing of the pulse observed in stop. 
page of the respiration in chloroform poisoning 
did not oceur, 


E. 4 4 0.—Gradual fall of pressure and death in spite of artificial 
respiration. 


Temperature after death 98-4 F, 
November 15th.—No. 89. 


Temperature of the room 21 Cent, Unusually large brindled dog, Weight 
88 lbs. Into chloroform box at 7h. 38m. Fallen down 
Placed on the table 7h. 48m. 50s. Temperature in the rectum 99°8 F, 
Left carotid ligatured at 8h, 2m. 5s, Connection made with manometer at 8h, 
6m. 30s. Four Ludwig and two Fick tracings, 


at Th. 46m. 20s. 


Observations. 
He M, 8, 


A, 8 10 45.—Chloroform administration with struggling (the excur- 


sions of the marker had previously been unusually 


great), and pushing the same until respiration 
ceased, 


8 24 20.—Artificial respiration and gradual recovery. 
C. 8 29 30,—Division of both yagi. 


Administration of chloroform again until respiration 


D. 8 38 10.— ceased, and 


Artificial respiration as before. 


8 47 40.—Compression of the chest and administration of chloro- 


form on a saturated sponge at the moment the chest 
was released. 


8 51 0,—Pressure on abdomen, 
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G. 8 51 0—Pushing chloroform again until respiration stopped : 
and artificial respiration as before, 


H, 8 55 40,—Tracheotomy and insertion of a large glass tube into 
the trachea. 


IT, 8 59 0.—Repetition of F by stopping the tracheal tube when the 
chest was in the expiratory position, holding chloro- 
form in front of the tube, and then suddenly opening 
it. 

J. 9 5 40,—Continued administration of chloroform by holding a 
sponge or towel before the end of the tube. 


K, 9 7 15,—Closing the tracheal tube so as to cause asphyxia. 


L. 9 12 25,—Administration of chloroform by Junker’s tube intro- 
duced into the tracheal tube, which remained open, 
and pushing it again until respiration stopped, and 
artificial respiration as before. 

M. 9 26 10,—Administration of ether in the same way, but this 
failed to keep the animal thoroughly under. After 
chloroform had been again given the manometer 
was disconnected in order to divide the medulla 
oblongata. 


All attempts to reconnect after its division failed on account of clot in the 
vessel, and the heart ceased beating at 11h, Temperature at 11h, 5m., 96 I. in 
the rectum. 


In this experiment slowing of the pulse, in Observations A and B, 
which occurs when the respiration fails from over-dosing with chloroform 
is shown (vide Fick 6 and 9). This effect is not produced after division of the 
yagi (vide Fick 10 and 11), The effect of asphyxia in lowering the blood- 
pressure is also seen in the Ludwig tracing at 9h, 7m, 20s. and 9h. 9m, 40s. 
The difference in intensity between diluted chloroform and diluted ether, 
administered in precisely the same way, 1s brought out in Obseryations 
Land M. 


November 15th.—No. 90. 


Medium-sized strong pariah, given 1 grain of morphine hypodermieally at 
2h, 24m. 10s, Temperature of the room 244 Cent. Saliyated a good deal at 











2h, 33m. and afterwards went to sleep. At 4h. 15m. he was still irritable and 
unfit for experiment. : | 


November 15th,—No, 91. 


Large pariah dog, 38 lbs. ‘Temperature of the room 24:5 Cent, Chloroform 
given at 2h. 34m. 45s. Fallen down at2h, 41m. 30s. On the table at 2h. 43m 
15s, and kept quiet with chloroform. Temperature in the rectum 100-4 Pr 
Right jugular vein ligatured at 2h. 51m. Canula into carotid at 2h, 58m, ba 
Connection made with manometers at 3h. 1m. 30s. The pressure in the mani 
meter had been arranged a little too high before commencing 
bicarbonate of soda must have been shot into the vessel, 
occurred. Three Ludwig and one Fick tracing, 


, 80 that some 
No convulsions 


Observations, 
He M.S. 
A, 3 6 0.—A long period in which the dog was left without chloro- 
form and occasionally struggled. 


B. 3 35 20.—Injection at different times of 5 doses of chloroform, 
20 minims each (except in one instance when about 
5 minims or possibly more was spilled), into the 
jugular vein. After the 5th dose the dog died, — 
the heart stopping at 4h, 13m. Temperature in 
rectum at death 97:2 F, 
in heart. 


Post-mortem.—No clots 


November 18th.—No, 92. 


Temperature of the room 23 Cent, Large-sized pariah dog, Weight 
334 lbs, rather thin, Into chloroform box at 7h, 24m, 438, Fallen down af 
Th, 28m, 538, On the table at 7h, 29m. 37s, Artery ligatured at 7h. 41m, 88. 
and canula inserted, Temperature in the rectum at Th, 42m. 30s., 100°6 F. 
Jugular vein tied at 7h, 51m, 47s, Connection made with the manomces at 
Th, 58m. 20s. Three Ludwig and one Fick tracing during repeated injections 
of chloroform into jugular vein, Nine doses were given in the course of an 
hour, and death ensued very gradually, Temperature after death 97 F. 
Post-mortem—After the chest was opened 5 or 6 regular movements of opening ; 
and eaubing the jaws coincident with rhythmical contractions of the diaphragm . 
oceurred, The heart was quite still in all its cavities, ‘There were no clots 
in the heart. No sign of the needle in the heart, : 





78 7 


79 
Observations. 
HM. 8. 
A, 8 0 15,—Twenty minims of pure chloroform injected into the 
jugular vein. 
B. 8 2 40,—Repeat. 


©. 8 8 50,—Repeat. 


D. 8 5 55,—Repeat. This injection was followed by lowering of 
the blood-pressure, which neyer rose again, The 
injection of twenty minims of chloroform was repeat- 
ed at 8h. 13m. 20s. ; 8h. 14m. 10s, ; 8h. 40m, 30s. ; 

. 8h, 43m. 20s,; and 8h, 46m. 10s, It seems clear from 
experiment No. 92 that direct action of chloroform 
upon the heart substance isnotthe cause of the fall 
of blood-pressure that occurs when it is mhaled, 
Repeated injections of twenty minims of pure chloro- 
form were made into the jugular vein, and the effect 
was not to paralyse the heart, but to produce 
narcosis with a gradual fall of pressure exactly as 
if the chloroform had been inhaled, Compare 
with Observation D of Experiment No. 64. 


November 18th.—No, 93. 

Temperature of the room 24 Cent. Large pariah dog. Weight 33 Ibs. 
Into chloroform box at 9h, 59m, Fallen down at 10h, 5m, 25s, On the table at 
10h, 8m. 27s, and kept quiet with chloroform. Artery ligatured at 8h. 20m, 
50s. Canula inserted at 8h, 22m. 22s. Temperature in rectum 99:8 F. Con- 
nection made with manometer 10h. 28m. 45s. Two Ludwig and one Fick 
tracing during injection of ether into the jugular vein with at the same time 
injection of solution of hydrochloric acid (08 per cent.) in normal saline solu- 
tion into the femoral vein. Notice also effect of thrusting needle into heart. 
Temperature 1012 F. after death. Post-mortem—Heart very much distended. 
Right ventricle full of clot. Left free. Superior and inferior vena caya and 
pulmonary artery filled with clot. 


H, M, 6 Observations. 

A. 10 30 10,—Ether on an ordinary cap until 10h, 39m, 40s. The 
animal was quiescent, but complete narcosis was 
not produced. A great deal of frothy fluid accumu- 
lated in the trachea. 5 
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B, 10 40 20.—Twenty minims of ether injected into the jugular 
vein. The injection was repeated at 10h, 41m, 10s 
and 10h, 42m, 15s, and eachtime the blood-pressure 
fell and rose again in 40 or 50 seconds, At 
10h, 47m, 10s, and again at 10h, 52m, 30s, forty 
minims of ether were injected. There was on each 
of these occasions a very rapid and prolonged fall 
of blood-pressure and a slow weak pulse with 
very difficult recovery. 


C, 


11 1 80.—Injection of sixty minims of ether into the jugular 
vein, The fall of blood-pressure was immediate 
and rapid, and the pulse tracing became almost 

imperceptible (wide Fick 6 and 7). The pressure 

remained low until 11h, 5m, 20s., when slight 
recovery took place (wide the Ludwig tracing at 
11h, 5m, 0s.) At 11h. 6m, 0s, sixty more minims of 
ether were injected into the jugular vein and this 
injection caused stoppage of the respiration and 
death. Post-mortem gasps occurred as in Experi- 


ment No. 92. The heart was found full of 
venous clot, 


November 18ih.—No, 94. 


The dog in No. 90 having escaped from the cage, another dog was given 
2 grains of morphia at 8-20a.m. At 10 o’clock he was still irritable and unfit 
for experiment, for, although sleepy and at first sight 


could be easily aroused by even painless stimuli 
cited wild way. 


apparently insensitive, he 
and then ran about in an ex- 


November 18th.—No. 95. 


Fe fee of the toom 254 Cent. Monkey (medium-sized Macacus). 
Held down on table and given ether on a cap at 2h. 50m. 45s,, his temperature 
in rectum being 102:4 F’. at that time. Ether stopped at 2h 51 th at nal 
being quite quiet, though cornea not in in chit obdatt 


, sensitive. Respirati ic er 
nal, 68 per minute, Artery ligatured at 3h. 7m, Se oy ae 


45s., and : 
left vagus. Canula inserted into artery Te a 


dentally ent ; at 3h. 11m. 33s. 


‘ Left jugul i 
; 80 ligatured. Loop under right y, eft jugular acc 


agus and right earotid, Ether 


= 
s 


ee 





81 


given now and again during above proceedings. Connection made with mano- 


meter at 3h. 26m, 50s. Two Ludwig and three Fick tracings, 
+ Ho Mi 48: Observations. 


A, 3 26 50,—The qniescent condition, not anesthesia, produced 
by ether, 


B, 3 28 10.—hritation of the nostril by chloroform, and 


C, 3 29 15,—Ammonia, 

D, 3 36 5,—Clamping of the right* carotid so as to cut off both 
carotids. 

E, 3 385 0,—Extraction of teeth with the key. (Vide Fick reading 
marked “6” on the Fick tracing, but noted as 
“5” on the Ludwig tracing.) 

F, 3 50 10.—Exposure and irritation of the sciatic nerve, 

G. 3 53 30.—Irritation of the entire right yagus coil 10 producing 
coughing (Fick 8). 
H, 38 54 40.—Ivvitation of the entire left vagus coil 10 (Fick 9). 

I, 3 55 50,—hritation of the entire right vagus coil 5 (Fick 10). 
(The effect of irritation of the right was less than 
that of the left vagus). 

J. 4 0 30,—Ligature and division of the right vagus (Fick 11). 

K, 4 14 55.—lvritation of central right vagus coil 5 (Fick 14). 

L, 4 17 15,—tIrritation of peripheral right yagus coil 5 (Pick 15). 

M. 4 20 0,—Ligature and division (Fick 16) of left vagus. 

N. 4 21 30—tvritation of central left vagus coil 5 (Fick 17). 

0. 4 25 0,—lIzritation of peripheral left vagus coil 5 on two ocea- 


sions (Fick 18, 19), but doubtful if the nerye was 
really irritated in the first. 

P. 4 37 0,—Pushing ether on cap closely applied over muzzle 
until death ensued. 


Manometer stopped on account of clot at 4h. 45m. Needle into heart ; 
hardly moving. ‘Thorax opened 4h. 46m. 20s, Heart still. 


No clots in the heart cavities, Temperature at 4h, 35m, 40s, in the 


rectum 100:2 F. 
i 










November 19th.—No. 96. 





Temperature of the room 23 Cent. Medium-sized female 
(Macacus). Weight 114 lbs. Into chloroform box at 9h. 23m. Fell 
9h. 81m. On the table at 9h. 33m. Temperature in rectum 100-4 F, Artery 
ligatured at 9h. 52m. 50s. Canula inserted at 9h. 58m. Connection made with 
manometer at 10h. 6m. 40s, Two Ludwig and one Fick tracing. 


monkey i 
down at 


Hy > 8: Observations, 
A, 10 8 20,—Ordinary chloroform administration, 
4 B, 10 16 40,—Bandaging the abdomen. 


C, 10 21 0,—Bandaging the lower chest with plaster of Paris, 


Death ensued from asphyxia and in spite of artificial respiration after re- 
moval of the bandage. Post-mortem—Heari cavities firmly contracted aftor 


death, and Inngs engorged. Trachea full of froth, Temperature at end of 
Experiment 96:2 F. in rectum. 


November 19th.—No, 97, 


Medium-sized female monkey. Weight 93 Ibs. Temperature of the 
toom 23% Cent. Into chloroform box at 10h. 50m, 


Fallen down at 10h, 58m, 
| 30s., and placed on the table, Temperature in rectum 102-4 F, Artery liga- 


tured at 11h. 11m. 10s., and canula inserted. Connection made with mano- 
meters at 11h. 24m. 50s, One Ludwig and one Fick tracing, 
HM, 8, Observations. 
vont 26 30.—Siruggling, 
B, 11 27 380,—Application of a plaster of P 
. to imitate stays, and of 
C. 11 32 0.—A tight broad tape round the lower part of the abdo- 
men to imitate the effect of petticoats. 


D. 11 33 0.—Pushing chloroform until respiration stopped. 


Death ensued although the bandages were quickly removed and in spite 


of artificial respiration. Post-mortem—P] ial, i 
; i —Blood, arterial ft si p 
Temperature after death 102-4 P. wee 


aris bandage to the chest 


November 19th,— No, 98, 


é pe moter fastened on to the rabbit board at 3h, 14m, 30s, A pin 
ep ced in the heart and connected by a thread with a time-marker writing ona 





wrt 





quick revolving drum (the same ag is used for the Fick manometer), The 
experiment was imperfect, but a few readings are preserved showing effect of 
placing ammonia before the nose. 


November 20th.—No. 99. 


Small rabbit on to rabbit board at 7h. 30m. with a needle in its heart attach- 
ed by a long thread to a time-marker. The trace shows the effect of holding 
ammonia before the nose, 


November 20th.—No, 100. 


A monkey arranged in the same way. One trace showing the absence 
of any effect when ammonia is held before the nose, corresponding to that which 
oceurs in the rabbit. 


November 20th.—No. 101. 


Small rabbit arranged as above and chloroform held before his nose, One 
tracing incorporated with the first tracing of 102. 


November 20th.—No, 102. 


Another rabbit in the same way. Chloroform given as before. Two 
tracings. 
November 20th,—No. 103. 


Large monkey. Weight 164 lbs. Temperature of the room 24 Cent. 
Into chloroform box at 9h, 8m. 44s, Fallen down at 9h, 15m, 5s. Placed on 
the table at 9h. 19m. ‘Temperature in rectum 101°8 F. Artery ligatured at 9h. 
37m. 10s. Canula inserted at 9h. 40m, 30s. Connection with manometer at 
10h, 3m. 15s. Four Ludwig tracings and three Fick, 


Observations. 

Hy OM. - 8: 

A. 10 6 20.—Mechanical irritation of the left vagus. 

B. 10 7 30.—Struggling. 

C. 10 8 20.—hritation of the entire right yagus, coils 10 Cent, 
apart (Fick 4). 

D. 10 14 55.—Iivitation of the entire left vagus (Fick 5). 

E. 10 17 30,—tIritation of the left yagus and pushing chloroform at 
the same time. : 





St 





F, if TOP Oniiat chloroform administration. 

G. 10 27 15—Extraction of teeth (Fick 10). 

H. 10 42 0.—Blow on the abdomen with a fly-flapper (Fick 13). 
I, 10 49 10.—Attempts to pass a grooved staff into bladder. 

K. 10 54 0.—Castration. 

L. 11 5 0.—Electrical irritation of the spermatic cord. 

M. 11 5 40.—Exposing the femoral vessels, 


N. 11 16 20—Transfusion of saline solution, about 220 c.c., into 
the femoral vein. 

0, 11 26 0,—Exposing and destroying the left splanchnic nerve 
and plexus, during which operation the aorta was 
accidentally snipped, but the opening was at once 
closed by a clamp and very little hemorrhage 
occurred, 


nr 


11 39 10.—Thrusting a needle into the heart, 


Q. 11 48 0.—Pushing chloroform until death with attempted res- 
toration by means of transfusion of saline solution 
and artificial respiration, 


After the thorax was opened and the heart found to have quite ceased 
beating, rhythmical movements of the diaphragm occurred. The heart con- 
tinued irritable for some minutes. Temperature after death 97:2 F 


In Experiment 103, as well as in Experiments 80 and 92, rhythmical 
a of the diaphragm were noticed after the heart had ceased beating and 
after the chest had been opened. In Experiment 103 the splanchnic nerve had 


been divided, death and stoppage of the heart were very gradual, and the heart 
was still inritable during the diaphragmatic contractions, 


Noyember 20th,—No, 104, 


aK a ee weight 36% Ibs., which had been dosed with phosphorus for two 

nee i nto chloroform box at 2h, 22m, 5s, Fell down at 2h 26m, 35s. On 
: ; ' 6 

‘ @ at 2h, 29m, 30s,, and kept quiet with chloroform, Temperature in 


rectum 100-4 F, Artery ligatured at 2h, 34m, 7s, Canula inserted at 2h, 36m. 


—— 


et eg 


7s, Connection with manometer at 2h, 40m, 45s, 
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Three Ludwig and three 


Fick tracings, 


A. 
B, 


Observations, 
HM. 8 
2 41 0,—Struggling at various times, 
2 41 30,—Chloroform administration; violent blow on the 
testicle at 2h, 41m, 50s, No shock. 


2 42 30,—Slight embarrassment of the respiration, from the 
foreleg being tightly bound down to the board 
(vide Fick 1 & 2). 

2 48 40.—Pushing chloroform until respiration stopped. During 
this observation the animal held his breath, the 
pulse tracing was immediately lost and the pressure 
fell exactly as in the Glasgow experiments A & C, 

2 51 10,—Artificial respiration (wide Fick 5), when the normal 
respiration was recommencing. The slow pulse is 
yery noticeable in this observation, 


2 53 50,—Change to the vertical position and while vertical more 
blows on the testicle, and dental operations were 
performed, without the production of shock, 

3 2 40, —Incising the abdomen. 

3 3 30—Blowing apomorphia 1-12th grain in solution into the 

peritoneal cavity ; yomiting (Fick 9), 

3 23 0.—Small opening into the larynx and injection of a few 
drops of chloroform. 

3 26 30,—Pushing chloroform again until respiration ceased and 
artificial respiration (vide Fick 12). 

3 34 40,.—Seizing and snipping the skin of the anus, 

3 35 40.—Larger opening into abdomen and tying a tube into 
the stomach, 

3 41 40,—Distension of the stomach with air. 

3 49 55,—Pulling the stomach forcibly. 

3 52 10,—Pushing chloroform very far, and prolonged artificial 
respiration, 




















MOE 
ps8 60 10,—Electrical stimulation of the Heat 

. Q 4 5 50,—Placing ice on the abdominal cavity. 

R. 4 9 0,—Pushing chloroform again until death resulted. 





‘After the thorax was opened 37 rhythmical contractions of the eames 

, i yo minutes after 
i for more than two minutes a 

d. but the heart continued beating a 

ae stopped Post-mortem—Temperature 98'2 F’, Weight post-mortem 


843 lbs, 
November 21st.—No, 105. 


Large-sized pariah dog, weight 30} Ibs., which has had three doses of 
phosphorus previously on the 18th, 19th, and 20th instant, respectively. Tt 
js in consequence very much out of sorts, and, judging from previous experl- 
ments with other dogs, would certainly have died in a few hours, Into 
chloroform box at 7h, 44m, 25s. Fallen down at Th. 48m, 55s. Placed on 
the table and a canula inserted into left carotid, Temperature in rectum 102 F. 
Qonnection made with manometers at 8h. 9m. 10s. One Ludwig and one 
Fick tracing. 
Observations. 

H, M. 8, 
A, 8 12 50,—Pushing chloroform until respiration ceased (vide 
Fick 2 and 3). 

B, 8 16 50.—Recovery by artificial respiration. 

C. 8 22 85.—Snipping skin of the anus (vde Fick 5). No sign of 

shock, 

D, 8 24 80.—Ordinary chloroform administration (trace imperfect 

owing to the drum sticking), 

KH, 8 28 55,—Pushing chloroform again and death in spite of arti- 

ficial respiration, 
The trachea was for some reason considerably obstructed with fluid, 


so that the animal was probably in a state of partial asphyxia, Temperature 
at death 1008 F, 


November 21st.—106, 


; Large-sized pariah, Weight 25% Ibs. Has had three daily doses of 
phosphorus on 18th, 19th, and 20th evenings, Given chloroform at 9h, 6m. 


Fallen down at 9h, 15m. 30s, On the table at 9h, 16m. Artery ligatured at 


SS — 
ee ~ a 


me 
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9h, 25m, 30s, Temperature in rectum 100°2 F. Canula inserted at 9h, 29m, 30s, 


Connection made with manometer at 9h. 41m. One Ludwig and one Fick 
tracing. 


H, M. 8. Observations. 
A. 9 42 20,—Ether administration on cap. 
B, 9 46 10,—Pushing ether until respiration stopped. Fick 4 


shows exactly the same absence of pulse tracing 
which is noted so frequently in chloroform poison- 
ing when the respiration stops (vide Experiment 
No. 107, Fick 3, and Experiment No. 178—all the 


tracings). 
C, 9 52 0,—Artificial respiration ; and 
D. 9 54 30.—Inversion of the body failed to restore the animal. 


Temperature after death 97:8 F, Post-mortem.—There was a severe 


rupture in the liver and a quantity of blood in the peritoneum, Liver distinctly 
soft, friable and pale in colour, 


Experiment No. 106 shows the effect of inversion of the body, which is 
now-a-days thought to be a restorative in chloroform poisoning. Inversion of 
the body causes the pressure in the carotid to rise, but it falls to its former 
state when the animal is replaced in the horizontal position, In Observation 
D at 9h. 54m, 30s., when the animal was in the last stage of ether poisoning, 
inversion of the body raised the pressure in the usual way as long as it was 
continued ; but it failed to restore the respiration and the dog died. The 
change in the blood-pressure in the carotid, which oceurs when the position of 
the body is changed, appears therefore to be due simply and solely to the effect 
of gravity. Experiment No. 106 also proves that the effect of ether is precisely — 
the same as that of chloroform only less intense, 


November 21st,—No. 107. 


Large-sized pariah, Weight 28lbs. Has had two doses of phosphorus 
on the 18th and 19th instant, respectively. Into chloroform box at 
10h, 9m. 14s. Fallen down at 10h. 14m, 27s. On the table at 10h. 17m, 30s, 
Artery ligatured at 10h, 24m, 13s, and canula inserted. Temperature, 99:8 F. 
in rectum. Loop under both vagi and the right carotid, Connection made 
with manometers at 10h. 38m. Pressure much too high ; so much soda solution 
must have been shot into the artery (wide Ludwig tracing). 
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One Ludwig and one Fick tracing. 


H, M. & Observations. 


_—Coming out of chloroform. 

: i i aaa = (coil 15) of the entire right vagus 

ae fe itil respiration stopped (vide 
i roform until respire 

‘a BR, shins tocing absent, this not being a sign 
that the heart had stopped ; it was restored easily 
by artificial respiration. 

D, 10 46 0,—Recovery with artificial respiration. 

10 51 0—Ligature and division of the right vagus (Fick 5). 

F. 10 53 10,—Mild irritation (coil 15) of the peripheral end of the 
right vagus (Fick 6). Pushing chloroform agaim 


during struggling until death occurred in spite of 


is 


artificial respiration, 

The temperature in rectum was noted at intervals throughout (vide Ludwig 
tracing). 

November 21st,—No, 108. 

Large pariah, Weight 26 lbs. Has had two one-grain pills of phosphorus 
on the 18 and 19th instant, respectively. Into chloroform box at 11h. 
93m, Fallen down at 11h, 27m, 45s, On the table at 11h, 30m. 25s. and kept 
quiet with ether. Temperature 1008 F, in rectum at 11h, 33m, Artery 

 ligatured at 11h, 37m, 45s. Canula inserted at 11h. 41m, 30s. Temperature 

a 100°6 F. at 11h. 47m. 15s. One Ludwig and one Fick tracing. 

ie H. M. 5. Observations. 

A. 11 57 40.—Continued ether administration, which failed for a 
long time to keep the cornea insensitive, and was 
only effective when the animal was half smothered. 


———. 


B, 12 0 40.—Mild irritation of the entire right yagus, coil 15 
(Fick 2), 

C, 12 2 0.—Convulsion of the whole body. 

D. 12 10 30.—tritation of right vagus, coil 10 (Fick 6), This 
reduced the pulse from 120 to 37 a minute, 

E, 


12 14 40.—Ligature.and division (Fick 7) of the right yagus. 
F, 12 16 0,—The ether was pushed until death ensued, 
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Tracing stopped at 12h. 21m, Heart still moving when the thorax was 

opened at 12h, 25m, Temperature 97°4 F, Heart flickering at 12h, 27m, 
November 22nd.—No, 109. 

Medium-sized pariah, weight 27 lbs., that has had three doses of phospho- 
rus on the 18th, 19th, and 20th instant, and is in an extremely feeble state, 
Chloroformed in the box at 8h. 9m, Fallen down at 8h, 17m, 15s, Placed on 
the table at 8h. 19m. 20s. Noticed to have stopped breathing at 8h, 19m, 40s, 
Artificial respiration begun at once, Needle in the heart moving feebly at 
8h, 21m, 45s, Breathing spontaneously at 8h. 23m, 20s., but artificial respira- 
tion continued in the ordinary way. Respiration continued off and on until 
8h, 26m, 30s, Needle in the heart afterwards moving slightly, but rhythmi- 
cally, The trachea was opened and artificial respiration performed by the 
bellows method for a few minutes, but with no result. 


November 22nd.—No, 110. 

Medium-sized female monkey, weight 11% Ibs, (has varicose veins on 
abdomen), Into chloroform box at 8h, 51m, Fallen down at 8h, 54m, 15s, 
On the table at 8h. 56m, 45s. Temperature in rectum 1014 F. Artery liga- 
tured at 9h, 10m, 5s. Canula inserted 9h, 12m, 45s, ‘Loops under both yagi, 
Breathing stopped at 9h. 23m, 50s, Artificial respiration at once and until 
9h, 24m. 50s, when breathing became natural again, Stopped breathing again 
at 9h, 27m, and artificial respiration performed for some time but without 
success, Temperature after death 100:8 F, Post-mortem—The large bronchi 
and trachea were filled with blood, and there was a large patch of bloody 
effusion in the posterior lobe of one of the lungs. 


November 22nd,—No, 111. 

Monkey, weight 104 lbs., chloroformed in the box 9h, 43m, 50s, Mon- 
key fallen down at 9h, 48m, 45s. On the table 9h, 50m, 40s, Artery liga- 
tured and canula inserted. Connection with manometer at 10h, 138m, 30s, 
Four Ludwig and two Fick tracings. 

H. MB Observations. 
A, 10 14 30.—Ordinary chloroform administration on several occa- 
sions. 
B. 10 20 40.—Small incision into the abdomen and tying a small 
tube into the colon (erroneously written “ stomach” 
on the tracing). 









G10 51 0.—Injection of two doses of half a grain of tartay ont 
: into the colon ; struggling. o 


D. 1115 0.—Exposing and destroying the left splanchnic cong at 


detached from the manometer, 


B, 11 34 20,—Pushing chloroform until respiration had almost 


stopped. 

F, 12 8 20,—Application of hot and afterwards cold cloths to tho 
body. 

G. 12 14 40,—Placing a clean cap over the nose, 

H, 12 12 30—Holding ammonia before the nose. 

L 12 20 0,—Pushing chloroform until respiration ceased, 

J, 12 27 0,—Artificial respiration, 

K, 12 31 20,—Exposing the jugular vein, 

L, 12 36 0,—Injection of ammonia, 5 minims of strong ammontl 


diluted with 20 minims of water into the jugular, 
M, 12 40 0.—Pushing chloroform finally until death resulted. The 

decline of blood-pressure was unusually gradual, 

The temperature in the rectum had fallen below 


95 F, for some time before the end of the 
experiment, 





N.B.—Readings marked “ ©” were taken with a second Fick instrument 
made by the Cambridge Co, 


of ae of aad shock due to vaso motor change rather than affection 
there was slight lowe araree on the frog was repeated on three dogs. In one 
PONatOEH wan Rica. : alee which was not extensive, and in the others 
duce shock, such as Re a Saale which seemed likely @ Dy 
eflect, Failing to lower the a upon the testicle, were singularly devoid of 
was had to section of the pa neue by any of these methods, recourse 
this produced appeared, Iik 4 anchnies, but the low condition of blood-pressure 
Source of safety rather a Z ae of the heart from yagus irritation, to bea 
this connection Experiment + depp during chloroform administration. I 
‘extemal hemorrhage, but the a ll may be studied, There was not much 

; planchnics were divided, —a proceeding which, a8 


plexus, during which proceeding the animal was 






EK. 


G. 
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H, OM, 8, 
stopped, ‘The residual chloroform in the lungs was 
then rapidly taken up and produced its ordinary 
effect, (Compare with Obseryation D in Experi- 
ment 64), 

8 52 30,—Chloroform administration for one minute and 


twenty-five seconds, Respiration stopped at 8h, 
53m, 55s, Artificial respiration was then performed 
for two and-a-half minutes, from 8h, 54m. 0s,, and 
natural breathing recommenced at 8h, 57m, Os. 


9 2 20.—Electrical irritation of vagus; the stimulation was 
effective at first (wide Fick 19), but wore off and 
when chloroform was administered at 9h. 3m, Os. 
it had almost ceased, and the full effects of the 
anwsthetic were quickly developed, Respiration 
stopped at 9h, 4m, Os, and the chloroform cap was 
removed at 9h, 4m, 15s, Though the anwsthetic 
had only been administered for little over a minute, 
the animal was restored with great difficulty by 
artificial respiration, which was kept up for six 
minutes and thirty-five seconds before natural 
breathing returned at 9h, 11m, 0s. 


9 19 20,—Chloroform pushed again with irritation of the vagus at 
the same time, In this observation the stimulation 
did not become offective till after the respiration 
stopped. ‘The breathing ceased at 9h, 20m, 20s. 
The irritation was stopped at 9h, 21m, 25s, and 
the chloroform cap was removed at 9h, 21m, 35s, 
Breathing recommenced spontaneously at 9h, 23m, 
50s,, but was not fully established till 9h. 25m, 15s. 
During this time there were some remarkable flue- 
tuations of the blood-pressure, the falls being pro- 
bably due to residual chloroform beg taken up 
from the lungs, alternating with rises due to elimi- 
nation of the anesthetic from the lungs when the 
animal breathed (vide Ludwig II. at 9h. 22m, 0s, 
9h, 24m, 0s, and 9h, 25m. Os.) 









8. 
H 4 - 25,—This observation consisted in prolonged irritation af 
: the vagus from 9h, 30m, 25s. to 9h. 41m, 505 
and the administration of chloroform by artificial 
respiration from 9h, 31m. 45s, to 9h, 39m, 50s, 
The animal died, but the heart did not stop finally 
till 9h, 44m. 30s. This observation would hayo 
been more satisfactory if the vagus irritation tinal 
been kept up until all the residual chloroform in the 
lungs had been got rid of by artificial respiration, 


The whole experiment is most instructive, as it, like Observation D in Experi- 
ment No, 64, proves that inhibition of the heart’s action by the vagus prevents the 
fatal effects of chloroform poisoning and benefits the heart. The animal in 
Experiment 117 was put into a condition of extreme danger, from which it could 
only be restored by means of artificial respiration, by inhalation of chloroform for 
little over one minute (vide Ludwig I, 8h. 3m, 0s, and Ludwig II., 8h, 538m, 308), 
The same animal recovered spontaneously and readily after five minutes of 
chloroform inhalation, with inhibition of the heart produced by electrical 
stimulation of the vagus, At 8h, 29m, 20s. (vide Ludwig IT.) chloroform was 
pushed for seven minutes during continued irritation of the vagus, and the 
animal came round without artificial respiration, The danger really begins in 
these cases when the irritation is discontinued or fails to inhibit the heart, and 
thus enables the residual chloroform in the lungs to be rapidly absorbed and 
thrown into the system (vide Ludwig IIL, 9h, 22m, 0s, to 9h, 25m, 0s). 


November 25th.—No. 118, 


Monkey (Macacus), Weight 11 Ibs. Temperature of the room 24°5 Cent, 
Tnto chloroform box at 10h, 27m, 27s. Fallen down at 10h, 32m, 25s, Placed 
on table at 10h, 32m, 50s, and kept quiet with chloroform, Temperature in 
Tectum 1044 F, at 10h, 42m, 30s, Artery ligatured at 10h, 50m. 50s, Canula 
inserted at 10h, 52m. 30s, Both vagi looped with a loose ligature, Connection 
made with manometer a few seconds before 10h, 58m, Two Ludwig and three 
Fick tracings, ete 


Observations, 
H, M, 2B, 


A. 10 58 55,—Ordinary chloroform 


; administration with violent 
struggling, 


Beetle 3! 20.—Trrtation of the entire left vagus, 
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Tay 8G, RY, 
©, 11 33 40,—hrritation of the left vagus and pushing chloroform 
at the same time on two occasions, 
D, 11 41 40,—Chloroform administration with struggling, 
K, 


11 42 20,—Imperfect irritation of the right vagus and pushing 
chloroform, 

, The tracing was interrupted by clotting in the tubes just as the irritation 

of the vagus and chloroform administration were stopped. ‘The animal breath- 

ed spontaneously for a few seconds, but then finally ceased breathing and died, 


November 25th,—No, 119. 


‘Temperature of the room 25 Cent. Large pariah, weight 30 lbs,, that has 
had phosphorus on the previous two days, one grain each day, and had been 
chloroformed in the morning by Dr, Rustomji, and is extremely feeble. Into 
chloroform box at about 2h, 19m, Fallen down at 2h, 21m, Placed on the 
table at 2h, 22m, 10s, and kept quiet with chloroform, Respiration yery feeble 
and artificial respiration began at 2h, 24m, 45s, Breathing better at 2h, 25m, 
40s, (The dog was so feeble generally that it was not necessary nor advisable 
to tie him down on the board in the usual way.) ‘Temperature 99°8 F. in the 
rectum at 2h, 29m, Connection made with manometer at 2h, 41m, 20s, Four 
Ludwig and three Fick tracings. 


Observations, 


H. M 

A. 2 42 40,—Chloroform administration; holding breath and gasping; 
placing thermometer in the rectum ; struggling, 

B, 3 12 55,—lvritation of right vagus and pushing chloroform until 
respiration stopped: with spontaneous recovery (vide 
Fick 5), 

O, 3 23 0,—lrritation of right vagus and, pushing ether (wde 
Fick 8), 

D, 3 38 20,—Pushing chloroform, and after the blood-pressure had 
fallen, irritating the vagus. 

B, 8 43 20,—Artificial respiration. 

F, 3 53 380,—Tracheotomy. 
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tas by 99 
H, M, & “i 
aes ‘Fatal respirati bellows apparatus a oo 
Gueeen por U: —Artificial respiration by — tached to” ak November 26th,—Nos, 123 and 124. 
a tube in the trachea. za s 
H. 410 0,—Blowing ether by means of this apparatus directly into No, 123, No. 124, 
the trachea. Two small monkeys, weight ... aos Hh tog, 8k Ibs. 
I, 4 13 40,—Introduction of chloroform by means of a Junker’s ss . seh Ul baat 
; inhaler introduced through the tracheal tube down me es oe ina cubic foot hoxab ... «.  «. 758 0 758 0 : 
: Breas : : : ‘ Fallen down at... tee ts tee vee we 7 56 80 7 56 30 E: 
to the bronchi, and pushing era death resulted,® : Struggling ab... ie cose ou 7 56 40 | 
Post-mortem,—Temperature 97°6 I’, Heart pale and Taken.out of'box'at «1. ss sei umnvevin mens enEEDIRLO) 7 57 40 
rather friable, Liver very pale and soft, M Chloroform to keep quiet at ae tee on ae 75940) 7 59 40 
’ “Under.” Stopped chloroform at tee wee +. 8 0 30 8 0 45 
November 25th—No., 120. More chloroform again at oon oo o 8 158 8 6 32 


“Under.” Stopped chloroform at +. ase «=. 8 2) 80 8 7 50 
More chloroform 3rd time on inhaler in front of tracheal 
tube at... 


” Rabbit that had had 5 minims of liquor atropie an hour before. Into 
chloroform box, 1 cubic foot in area, at 4h, 28m, 30s. Drowsy and vessels of 








Os ave ee f0 see oo. 8 7 50 8 10 30 
M } ini ) He § “ r ¥ y ee ee hi 
the ear dilated at 4h, 29m, Fallen on its side and whining at 4h, 29m, 80s, Under.” Stopped chloroform at. 8 7 58 8 11 52 
A 3 seta ok More chloroform, 4th time ab ... pe oi ryy tsyettll ait) 8 21 80 Do, 
Breathing stopped at 4h, 30m. ‘Taken out at once and artificial respiration mde’) (Chloroform stopped afl tae eet nee ERR 8 23 10 
’ i L ayai So i i , 88m, More chloroform, 5th time at nee crn we 8 16 50 
commenced, but this was of no avail though continued until 4h, 38m Iorerchiorg? hae 16 5 
Re i 2 d “ Under” at Ltt cco ve fc ars OL Sam oe 
November 26th,.—Nos, 121 and 122, Opened trachea at, ss ve ee tee BO 8 7 85 
7 G : wos . s . : site . Canula inserted at... sae ves uae one ose 18: OED) 8 8 45 
No, 121. Rabbit. 5 minims of solution of atropia sulphate injected into aa ARE vr 
Fuediieheat 7h, 10m, 20 Re-inserted, having slipped out at tes tee ae 8:20) 7 . 
ee Oe eae Attached to the bellows artificial respiration apparatus, 
No, 122, Rabbit that has not had atropine — which was so arranged as to blow air through a 
separate bottle into each monkey ab ... ses ve 8 23 27 8 23 27 
No, 121, No, 122, Opening the thorax at ++. tus tee oon oe 8 24 80 8 24 0 
Heart exposed at ... red tes wee oe ws 8 26 30 8 i ay 
. H, M. 8. H, M. 8, x Ether in bottle at... siav ty. Aetimieoes eae 8 
Both into chi a Pear is : 
oroform ab oo . * elite eb) 16 7 25 15 Chloroform in bottle ¢ tae se ue se vs 8 82 30 m4 
Fell down onside at ... Ae BLOW EF: Seer 4 839 0 a 
i Sat up again at aes a aus) 727 «5 ‘Hrentt atopped’. vcs)... cris uct ents Rc mI 9 
vA Re nee , ioe ee CTD Continued ‘ E mae 
i ‘ nies Y sas killed by asphyxia; his heart only fl ‘kering or very feebly 
Serogeling HE een i ec ea ta his side, snc, Sins to Kak tn the tubo No, 1 ea do asphy Gut dem, with still a faint contraction of one 
“hed abo. ry) tee cry ane ier aes pee 7 98 45 , corner of the auricle at 11h. 80m, i 
rous breathing at... aa é £ 
Fundus of the eye blnish ab —_,,, tO eee i “A ‘ ; November 26th.—No, 125. 
Beating time with fect at CaN een ae oe Z ae 
as tee Bo} aes. iy) eye} 5 ” 5 é O : ye] 
Stopped breathing ab... ,, A Pd ; s “ | Monkey (medium-sized Macacus). Weight 113 Ibs. ee ae ie 
Pa out of box and artificial respiration commenced at 7 81 30 : at 9h, 20m, Fallen down at 9h. 2m. 158, Placed.on board a tata a eal * 
a cit 3! ~ 
gee ibhnwvclNY 7 cot re are eee 7 82 30 Kept quiet with chloroform, Trachea opened at 9h, 35m. 30s, ‘Tube mae 
: Taken Gat ts stil nega ee 7 82 45 at 9h, 36m, Artificial respiration kept up by bellows ee ae . est 
a . 8 i . . ? a . an 
=a Cornea sensitive at ss breathing ab... 44. 7 88 10 a3 opened, Attempt to connect with Roy's cat diomyograph fai o ti a ss 
en isn ce a Arh Sey a f 84 20 <a at 10h, 22m, 10s, Heart contracting very feebly. Fresh air . 24m, ig. 
36m. the pupils of 122 were more dilated fie, the pile oe me Heart just moving and no more. Flickering until 10h, 40m. i 














November 26th—No. 126. 


Monkey, small. Weight 43 Ibs. Into box and chloroform given at 
10h, 36m, 30s, Fallen down at 10h, 40m, 45s, Trachea opened at 10h. 45m, 
5s, and canula inserted. Kept quiet with chloroform, Opening thorax at 11h, 
6m, 15s, with artificial respiration by bellows apparatus, Heart exposed at 11h, 
gm, 30s, 5 ce, of ether into the bottle of the apparatus, Animal “ quite out” at 
11h, 11m, Cornea insensitive at 1th, 11m, 50s. 
11h, 13m, 50s., but still acting vigorously, Chloroform, same quantity, at 11h, 
16m, 45s, (all the ether had evaporated), Ventricle stopped at 11h, 17m, 45s, 
Heart flickering at 11h, 19m, Lungs no longer contracting at 11h, 20m, 30s, 
All right again at 11h, 21m, 50s, Lungs not distending at 11h, 24m, owing 

to apparatus breaking down. 34 ce, of chloroform remained in the bottle, 


Heart's action very rapid at 


November 26th—No. 127, 
Small monkey, Weight 44 lbs, 


November 26,-—No, 128, 


Small monkey. Weight 44 lbs, 


Into chloroform box 1 cubic foot capa- 2 32 0 
city. 

Still standing and licking the glass 

More chloroform into the box 

Fallen down fen na re 


Taken ont of box and tied on board 


Into chloroform box 1 cubic foot capa- 
city. 

Fallen down, 

45 Taken out of box and tied on to hoard, 


Tracheotomy commenced, 
More chloroform in ordinary cap ... 


39 41 

Stopped getting chloroform ii 40 10 
40 20 Trachea opened, 
Tracheotomy commenced .., ” <7 


Glass tube inserted, 


rmnrwyewrvyrwrnmnnnmnnnwvw www Pd 
po ts 2 
So 
=) 
oO 


41 58 Haying chloroform (cap held before tube). 

More chloroform .., aE te me i aii 
Stopped chloroform nee ir: ter 43 58 
More chloroform ,., ep mn 45 i 
Stopped again (iy sree " 46 5 
Trachea opened .., as os ne 2 47 380 
Gla eto imino a,b gy ay mom 
Rie tise ; ‘ 251 4 Stopped chloroform, 

Bae on ordinary cap in front 2 51 35 
Stopped chloroform... 


ee eae 2 52 43 


- 





No. 127—continued. 
Tube slipped out of trachea 


More chloroform by mouth 
Stopped chloroform... 
Glass tube inserted again 
More chloroform 

Stopped chloroform... 


More chloroform 

Stopped chloroform... an a 

Connected with the bellows-artificial respi- 
ration apparatus, 

Opening thorax... ase 


Chloroform through the bellows ... 

Heart exposed 

Struggling ... 

Lungs expanding freely 

Chloroform into the bottle... 

Heart distinctly feeble ... 

Needle into heart ... an ont a 
Another needle into heart ... on 
Lungs not expanding one vee a 
Heart stopped ans fn rei oon 


(Post-mortem showed clot at the bifurcation 
of the bronchi). 


November 26th,—No, 129, 
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Small monkey, Weight 3% lbs. 


Into chloroform box om ate six 
Once cee | iva: |) )essenekey ean 
Fallen down... an ses ax et 


H. M. 


3 31 
8 34 
3 34 


8. 


8. 
3 
52 
10 


bo 


No, 128—continued. 


More chloroform, 
Stopped chloroform, 


More chloroform, 


Stopped chloroform, 

Connected with the bellows-artificial res- 
piration apparatus, 

Opening thorax, 

Chloroform through the bellows, 

Heart exposed, 


Struggling. 

Lungs not expanding. 
Expanding imperfectly. 
Lungs expanding freely, 
Ether into the bottle, 


Heart very rapid, 
Jerky action of the diaphragm, 
Needle into heart, 


More ether into bottle, Cornea sensitive, 


Ether completely evaporated. 


More ether into bottle, 
Needle barely moving. 
Stopped. 
November 26th,—No. 180, 


Small monkey, Weight 44 Ibs. 


Into chloroform box, 
Drunk, 














No, 129—continued. 


Taken out of box ++ es tt me 


More chloroform «+ na wee see 
Stopped chloroform... ++ 


More chloroform os 15 
Commenced tracheotomy «+. one oon 


Stopped chloroform... ++ 
Trachea opened s+ rete 
Glass tube inserted 4.6 ve nee 


More chloroform ... alvin ar 
Stopped chloroform... cok.) Re 
More chloroform ... ia ay a9 
Stopped chloroform... vs. ee aes 
More chloroform +. + tse nee 


Stopped chloroform... ss. tse ae 


More chloroform «4. we 

Stopped chloroform... oes 

More chloroform ... vee 

Stopped chloroform... ter f 

Connected with artificial respiration appara- 
tus. 

Cornea sensitive +.» 


Chloroform through bellows ave ane 
10 minims chloroform into bottle .., 


Cornea insensitive ... 
Opening chest oe 
Heart fully exposed... ine 
Lungs expanding better .., 
5 ce, ether into bottle 


Needle into heart... ris 


Heart beating rapidly, communicating 
movements to the abdominal wall, 
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No, 180—continued, 
Fallen down, 


Taken out of box, 

More chloroform, 

Stopped chloroform, 

More chloroform, ‘ 


Stopped chloroform, 


Commenced tracheotomy, 


Stopped chloroform (commencement — not 
noted), 


Tube inserted into trachea, 


More chloroform, 


Stopped chloroform, 


Connected. 
sitive, 
Chloroform through bellows. 


with apparatus ; cornea sen- 


10 minims chloroform into bottle, 
Cornea sensitive, 

Opening chest, 

Heart exposed, 


5 ce. chloroform into bottle, 


Heart very feebly heating. 


No, 129—continued, 
5 ce, more ether... 
Needle moving less vigorously but dis- 


tinctly. 


Needle moving slowly but steadily. More 
ether, 

Heart stopped 
November 27th,—No, 132, 34 lbs, 


Medium-sized monkey, 


Into chloroform box ct tor 

More chloroform into box ... va 

Fallen down.. ots the 

Taken out and tied on toa eet 

More chloroform... oes a ane 
Stopped chloroform and begin Gaskenye 

Trachea opened wn are” es 
Tube inserted tee an Ox a 


Respiration stopped & artificial respiration. 


Pressure had probably been made on the 
chest by the operator, who had operated 
from below and coyered the chest with 
his hands, 

No heart sound audible ; needle into heart., 

Needle feebly moving ; continue artificial 
respiration, 

Abandoned sx. © see ten tet 


4 24 20 


8 33 20 
8 B44 
8 34 49 
8 35 9 
8 35 51 
8 36 33 
8 36 55 
8 37 45 
8 38 5 
8 39 15 
8 40 2 
8 43 20 


8 44 1d 
§ 45 10 


8 46 23 


No, 180—continued. 
Needle into heart, 


5 ce, more chloroform, 
Needle barely moving, 


Very slightly moving, if at all, 

Absolutely not moving, 

After opening pericardium heart 
flickered, 


again 


No, 131, 34 Ibs. 


Medium-sized monkey, 


Into chloroform box. 

Drooping. 

More chloroform into box, 

Fallen against the side, 

Down and breathing stertorously. 

Taken out of box and tied on to a board, 


More chloroform into the box, 
Stopped chloroform and commenced tracheo- 
tomy, 


Trachea opened. 
Tube inserted into trachea, 
More chloroform, 


Stopped chloroform, 
More chloroform, 
Stopped chloroform, 


More chloroform ; struggling. 


Stopped chloroform, 











No. 131—continwed, 
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No, 184." No, 184—continued. No, 181—continued. 
H. M, 8, 
Another medium-sized monkey. Heart feebly flickering ... law tse!) 69) 22740 
Weight 4 Ibs. 9 24 84 8 ce, ether into bottle, | 
ILM 8 9 29 43 Another needle into heart, | 
851 3 Needle absolutely still an ae va, | DBBN 10: : 
- TH eon ooo | 
Into Bee cite iid § 52 46 More chloroform. 9 39 55 Oonnection between needle and a time- { 
a ie Re as |. ws 8 53 87 Stopped chloroform, marker (vide tracing), 
Teaning agams : oie 3 5G 38 9 44 15 More ether into bottle, | 
Still moving about «+ - ++ Sieetia.) 8 07,58 9 51 5 Artificial respiration stopped (after which 
Fallen down... 94) ve it made spontaneous respiratory moye- 
Taken. M i box «. oo co ceca ments about every fourth second), 
‘orm on cap +++ aie env 9 op) ee 
More : loro! ate ecisctty herun.., 9 125 More chloroform, 10 0 0 Artificial respiration commenced, He came 
Chloroform stopped ; = 9 152. Stopped chloroform. round and breathed spontaneously again 
ry at (vide tracing IT). 
Trachea opened v5 te tt oe : ae 10 24 0 Artificial respiration begun again, 
Tube inserted “eds oe oo on , ‘“ ; 10 27 0 Chloroform into bottle. 
More chloroform «6 0 +) te " ’ 10 37 0 Needle taken ont. Heart still beating, 
9 3 29 More chloroform, cs 
10 48 30 Finally stopped, but still remained irritable, 
9 8 50 Stopped chloroform, , é 6 
Baie Sook so that it hegan beating again when needle 
Stopped chloroform... an AY ant ie was put into it, 
Attached to bellows apparatus =... .» 9 4 5 Attached to bellows apparatus, 
9 4 31 Opening thorax, November 27th.—No, 133. 
Seinen. thorax and artificial 9 5 5 Artificial respiration begun Horse thrown and given chloroform on a nose-bag at 10h. 50m. Loop 
ins Rea yg ap under right vagus at 10h. 55m, 45s. Right carotid ligatured at 10h, 57m. 40s. 
9 6 27 Heart exposed. Canula inserted at 11h. 1m, Connection with manometer at 11h. 17m, 55s, 
More chloroform into bottle Meee: ON Ry aT while horse was on the floor, (He was afterwards, 11h, 42m, 30s., raised on to 
: Over” and proceed with operation .. 9 8 0 the table.) 
eee etsy gh isi 9. 887 Two Ludwig and two Fick tracings, 
Pericardium opened te se «9 = 40 Chloroform into bottle, 
9 10 80 Quite over, Observations, 
10 35 Needle into heart, A, Ordinary chloroform administration, 
9 11 20 Bottle emptied, > ra B 
9 11 35 Needle taken out of heart, B, Slight struggling. 


Corea sensitive .., a1) ay wer 
5 cc. chloroform into hotile 
Needle into heart... 


5 ce, chloroform 


wee ve oun 


Bee 
cw co rm 
wor a 
eooos 


BR 
aa 

»_ 
on 


Ether into bottle 5 co, 


Needle into heart, 
5 co, more ether into bottle, 


©, Pushing chloroform until respiration stopped ; death resulted 
in spite of long-continued artificial respiration, 


Repeated attempts were made to irritate the vagus, but they failed as the 


nerve was never exposed. 


November 27th—No, 135, 


Heart beating rapidly, Hther all evaporated, = 
10 ce, more ether into bottle, 


a 
=< 
on 
or 


Medium-sized monkey. Weight 13 Ibs. Temperature of room 23 Cent, 
x Tnto chloroform box at 2h. 22m, 35s. Placed on the table at 2h, 27m, 42s, 
ta and kept quiet with chloroform, ‘Temperature in rectum 102°6 F. at 2h, 37m. 


eoeoonnosononse © 
i 
or 
a 


5 ce, chloroform on) 
Left ventricle hardly acting ; tight better 


a 
o 
i) 
i 


9 21 20 
9 21 5b  Pericardium removed, coe 
4s wu 





Pree, oi 
es 


ee 





Canula inserted at 2h. 48m, 19 
i lioatured at 2h, 45m, 208. ! ee 
ae en sa yagi. Connection made with manometer at 2h. 59m, 50s, 


Three Ludwig and three Fick tracings. 

Observations. 
Ordinary chloroform administration and struggling. 
Double ligature and division of the right vagus. 
Irritation of the central, and 
Peripheral end of the vagus. 


Injection of 10 grains of chloral into the peritoneum, and after. 
wards irritation of the central and peripheral end of the right 


apoE 


yagus. 


Exposure and ligature of the femoral artery. 


Q 7 


Opening the trachea and tying a small glass tube into it. 

H, Closure of the tracheal tube so as to produce almost complete 
asphyxia. 

I, Pumping chloroform vapour into the closed tube by means 
of Junker’s inhaler while the respirations are still embarrassed 
and consequent speedy death, 

While the chest was being opened, air suddenly rushed in, and it was 
thought that spontaneous respiration was going to recommence, but there was no 
real spontaneous moyement, After death chloroform was injected with much 
force into the femoral artery and produced complete rigidity of the limb. 

November 25th—No, 136. 

Goat, young male, Weight 16 lbs. Into chloroform box at 10h, 48m, 20s. 
Fallen down and taken out of box at 10h, 59m, 20s, Placed on the board and 
kept quiet with chloroform, Loop under both yagi, Ligatured the left carotid 
at 11h. 9m, 26s, Canula inserted at 11h, 11m, 47s. Temperature in rectum 


102'6 F, at 1th, 18m, 20s, Connection with manometers at 11h, 19m, 208. 
One Ludwig and one Fick tracing, 


H, M, 8, Observations. 


JN, a ath 30.—Ordinary chloroform administration ; holding breath, 


B. 11 25 10.—Pushing chloroform until respiration had almost 
ceased, 
C11 30 0, 


20s. 





St entre 


i 
| 
. 


—General convulsions ; Yespiration ceased at 11h. 28m. 
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D. 11 30 30.—Artificial respiration was commenced some minutes 


after the respiration had entirely ceased and failed 
to restore the animal. The case was complicated 
by a very distended stomach and the fact that the 
trachea was filled with fluid at an early stage. Tt 
was thought that some of the contents of the 
stomach found their way into the air passages 
during the convulsions or even before they occurred, 
A needle was inserted into the heart at 11h, 34m, 0s, 
and moved rhythmically until 11h. 41m, 40s. 





November 28th.—No, 187, 


Goat, young male, weight 15} lbs. Into chloroform box at 11h, 46m, 
43s. Fell down at 12h, 2m, 30s, and taken out of box, but still quite sensitive, 
More chloroform from time to time to keep it under, Holds its breath like the 
other goat whenever chloroform is given. ‘Temperature in rectum at 12h, 8m,, 
103°6 F, Artery ligatured at 12h. 11m, 15s, Canula inserted at12h, 12m, 50s, 
Connection with manometer at 12h, 16m, Two Ludwig and one Fick tracing. 

Observations. 
H. M, 8 

A, 12 18 10,—Ordinary chloroform administration showing the effect 

on the tracing of holding the breath, and of irregular 
. jerking respiration, 

B, 12 25 40,—tIvritation of the left vagus nerve (wde Vick 4), 

©, 12 37 30,—Pushing chloroform and irritating the left vagus (vide 
Fick 6). 

D, 12 45 40.—The same, only for a much longer time, after which 
the animal died in spite of artificial respiration, which 
however, for some reason, was never efficient, no air 
passing in and out of the chest. 


On opening the chest a large quantity of blood was found in the left 
pleural cavity. 
November 29th.—No. 138. 
Temperature of room 20 Cent, Cat, weight 6§ lbs. Into chloroform at 


Th, 58m, 5s, More chloroform into the box at 8h, 1m, 55s. Struggling at 8h, 2m. 
Fallen down at 8h, 2m, 15s, ‘Tied on to rabbit board and given chloroform 





108 ? 





from time to time to keep it under. ‘Temperature in the rectum 100°6 F, at 8h 
9m, 45s, and artery ligatured, Connection with manometer at 8h, 1m, 25 





Two Ludwig and one Fick tracing. 
Observations, 


Eee 03S, 
8 4 30,—Administration of ether on a cap. 


8 34 0,—Struggling. 


G, 8 44 30,—Pushing ether until respiration had almost ceased and 
only occasional gasping continued. 


D, 8 53 30.—Pushing ether with the cap covered with mackintosh 
until death ensued. 


In this and the next experiment the respiration was registered by a system 
of Marey’s tambours connected with a pin in the chest wall, the marker running 
below the manometer tracing. 


November 29th —No, 139. 


Small cat, weight 64 lbs, Chloroform given at 9h, 29m. 20s. Fallen 
down at 9h, 31m, 45s, Placed on the table at 9h. 35m. 40s. During the 
operation, of exposing the carotid the cornea was quite insensitive, but there 
was whining respiration, Artery ligatured at 9h. 40m, 50s, Canula inserted 
at 9h. 42m, 20s, Connection with manometer at about 9h, 50m, 30s, One 
Ludwig and one Fick tracing, - 


Observations. 
ie |S; 


A, 9 51 50.—Ordinary chloroform administration. t 
a B, 9 58 50.—Pushing chloroform until death ensued, 
© trace was interrupted just before the end by clots in the tube, 


November 29th,—No, 140. 


Moder ate-sized monk Y; Wel, hi 1 4 Ibs. I emperature of the roor 
e y 
2 rey 1 


i : ic fi 
fe side of the box at 10h, 47m, oH cot box at 10h, 42m, 15s, Fallen against the 


: 48m, 453. Down A little more chloroform into box at 10b. 
: 10h, 50m, 20s, ee oe ca. es still blinking. Taken out of box at 
: wi 
7 Canula inserted into carotid 11h, a is Sa ee 108 7, in reohU ni a 
aden es Z 
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One Ludwig and one Fick tracing, 
Observations. 
H. M, 8 

A. 11 12 40,—Ether administration on a cap covered with a small 
piece of mackintosh which failed to keep the animal 
thoroughly under, though the cornea was insensitive, 
struggling occurring when a pin was thrust into the 
chest. 

B, 11 20 35.—Ether administration plus asphyxia by enveloping the 
head completely in mackintosh, 

©, 11 27 50.—Asphyxia by the same means without ether. 

D, 11 32 20.—Pushing ether plus asphyxia until death resulted. 

The trace was interrupted before the death of the animal by a clot in the 
tubes. 

November 29th.—No. 141, 

Large goat, weight 66 lbs. Chloroformed by a nose-bag while standing 
at 2h. 18m. 51s. Thrown down at 2h. 19m, 50s, Cornea insensitive at 2h, 20m, 
40s, and chloroform stopped, the animal lying quite quiet while being tied 
down on to the table, Some salivation, Cornea sensitive at 2h. 22m. 40s, 
More chloroform at 2h. 23m. 10s, Cornea insensitive at 2h. 25m, 30s. and 
chloroform stopped. Left carotid ligatured at 2h, 27m. 40s. More chloroform 
at 2h, 31m, 28s. Stopped chloroform at 2h, 33m, 3s, More chloroform at 2h, 35m, 
48s, Stopped chloroform at 2h. 36m. 35s. More chloroform at 2h. 88m, 50s, Canula 
inserted into the artery at 2h, 41m, Stopped chloroform at 2h. 41m, 52s. More 
chloroform at 2h, 43m, 31s. Connection made with manometers at 2h, 44m, 45s, 


One Ludwig and one Fick tracing, 


Observations. 
H, M, 8. ; meh: ; 
A. 248 40,—Pushing chloroform until respiration ceased (vide 
Fick 3), 


B. 2.52 0,—Artificial respiration. 


58 $5,—Pushing chloroform until death ensued. 


a 
bo 


D, 3 1. 0,—Thrusting needle into the heart, The depressing effects 
of this operation is seen in the Ludwig trace, 


Post-mortem.—Temperature 99°6 F, 













November 20th,—No. 142. 


Horse thrown and given chloroform at 3h, 19m, 45s. very freely, an 
while struggling chloroform had been stopped about one minute (2) when 
respiration was noticed to have stopped at 3h, 23m. 30s. Artificial respiration 
commenced at once. No pulse at 3h, 25m, 45s., and the animal was not 


restored to life. 


November 29th,—No, 148. 





(In the presence of His Highness the Nizam.) 


Large goat, weight 70 lbs, given chloroform ina bag while standing at 
3h, 35m, 55s, Thrown down at once, Still bleating at 3h, 37m, 58s, Stopped 
chloroform ai 3h, 37m, 50s., and while he was being carried and put on the 
table respiration stopped at 3h, 38m. Artificial respiration commenced at 
once ; breathing naturally 3h, 38m, 55s, 
at 3h, 42m, 25s, Stopped at 3h, 43m. 2s, 
Temperature 102 F, in rectum, Temperature of the room 23$ Cent, Canula 
inserted at 3h, 46m. 15s, More chloroform at 3h, 47m, 30s, Connection made 
with the manometers at 3h. 50m, 30s. One Ludwig and one Fick tracing. 


Cornea sensitive. More chloroform 


Artery ligatured at 3h, 43m. 20s, 


Observations, 
HM. 8, 
A, 3 51 0,—Ordinary chloroform administration, 
B, 3 51 30,—Violent struggling (during which the marker was 
i pushed over the top of the drum on several occa- 
a sions by the violent oscillations in the pressure, and 
is the tracings are consequently imperfect). 
©. 3 58 0.—Pushing chloroform until respiration ceased, 
D. 4 38 50,—Artificial respiration, 
ee 5) 0 i 
10, Pushing chloroform until respiration had ceased for 
Some time, and failure to restore the animal by 
artificial respiration, 
F. 4 9 30, 


tracing, 


* A pint of i 
Pint of chloroform was said to have been poured into the nose-bag. 





- -The last ineffective gasps are shown on the Ludwig” 
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November 29th.—No, 144, 
(In the presence of His Highness the Nizam.) 


Small horse, thrown at 4h, 24m, 15s, Given chloroform in a nose-bag 
at 4h. 26m. 55s, Struggling until 4h, 28m, 35s, Operation to tie artery 
commenced at 4h, 28m, 55s. Stopped chloroform at 4h, 29m, 35s, More chloro- 
form at 4h. 30m, 10s. Stopped chloroform at 4h, 31m, 15s, Loop under left 
yagus. Ligature left carotid artery at 4h. 31m. 50s. More chloroform at 
4h. 33m. 17s, Stopped chloroform at 4h, 35m, 40s, Canula inserted at 4h, 36m. 
More chloroform at 4h, 87m. 80s, Stopped chloroform at 4h, 39m. One Ludwig 
and one Fick tracing. 

Observations. 
H. M, 8 
A, 4 44 0,—Ordinary chloroform administration. 
B. 4 47 10,—Ivritation of left vagus three times, the second and 
third noticed on Fick readings 2 and 3, 

CG. 4 50 30.—Pushing chloroform until respiration ceased. 

D. 5 0 0,— Artificial respiration, Pushing chloroform for 9 
minutes with, at the same time, irritation of the left 
yagus for more than 7 minutes. 


The respiration ceased after the irritation was discontinued and the chlo- 
Pressure continued to fall and artificial respiration 
failed to restore the animal, The trace ends after 5h, 11m., but artificial 
respiration was continued until 5h, 15m. A needle then thrust into the heart 
did not move, ‘Thorax opened and heart still at 5h, 20m, 


November 29th,—No, 145. 


roform was then stopped. 


(In the presence of His Highness the Nizam.) 

Monkey, large-sized female (Macacus). Into chloroform box, one cubic 
foot, at 5h, 33m, 20s, Fallen against the side at 5h, 34m, 30s, Fallen and 
taken out of box at 5h. 35m. 27s. More chloroform at 5h, 36m, 14s. Stopped 
chloroform at 5h. 37m, 5s. Commenced incisions in the neck 5h, 37m, 438s. 
More chloroform at5h. 39m. 20s. Stopped chloroform 5h, 40m. 5s, Divide sterno 
eleido mastoid muscle at 5h, 40m. 27s. Loop under left yagus at 5h, 41m, 37s, 
More chloroform at 5h, 42m, 6s, Stopped chloroform at bh, 42m, 43s, Open 
trachea at 5h, 42m, 47s. Tube inserted into trachea at 5h, 48m, Opening 
chest wall while artificial respiration maintained by means of a Junker bellows. 
Chloroform from time to time a few whiffs at 5h, 44m. 15s. Opening the 
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pericardium at 5h, 47m, 50s, Needle Eee i ies Tovtatin 

i1 5, at 5h, 50m, 85s, Stopped uritata . 78, Irritation 
left vagus, oe ah Sim. 10s, Stopped irritation at 5h, 51m, 27s, Chloroform 
iia a Trritation of left vagus at 5h. 52m. 37s. Stopped irritation at 
Fh. pune 47s. Stopped artificial respiration and chloroform 5h. 53m, 225, 
Diaphragm contracting rhythmically. Heart slow and feeble at 5h, 53m, 805 
Heart almost stopped. Began artificial respiration again at 5h, 54m, 35g, 
Heart more vigorous at 5h, 55m. 2is. Irritation of left vagus not acting made 
him cough, coil 6, at 5h, 56m, Irritation left vagus, gol 6, at oh, 56m, 35s, acting 
fully, Irritation of left vagus continued at 5h, vida ors: Chloroform at 5h, 
57m, 15s. Stopped irritation at 5h, 57m. 40s. Irritation of left vagus again at 
5h, 58m, 23s. Coils run up to zero at 5h, 59m. 20s. The heart stopped at first, 
but is now going again. Stopped irritation at 5h, 59m, 46s, Irritation of vagus 
again at Gh, Om, 20s, Run up to zero at 6h. Om, 30s, Stop up outlet for air at 
6h, 2m, 238, Stop chloroform and artificial respiration at Gh, 2m, 55s, Stop 
irritation at 6h, 8m. 10s, Airlet out of the chest at 6h. 3m, 35s, Artificial 
respiration again at 6h, 8m, 55s, Heart hardly beating at 6h, 5m, 15s, Heart 
stopped at 6h, 6m, 30s, 


November 30,—No. 146. 


Dog, weight 35 Ibs., that has had three doses of phosphorus, one grain 
each day, on the 25th, 26th, and 27th instant, respectively. [Of twelve dogs 
similarly dosed four have already died.] Into chloroform box at 10h. 27m, 50s, 
Fallen down at 10h, 32m, 25s, On to the table at 10h, 
chloroform from time to time, Left carotid hig: 
Connection with manometers at 10h, 56m, 35s, ‘Tyo Ludwig and one Fick 
tracing during administration of ether persistently, with more or less perfect 


exclusion of air, until death resulted. Both sides of the heart distended with 
venous blood, Heart and liver both fatty, 


33m, 15s, and given 
atured and canula inserted into it, 


Observation, 
HM, 45, 


A. 10 50 0.—Ether administered with very little air, This obser- 
vation, especially the Fick 
that ether has 
form, but is les 


readings, shows again 
precisely the same action as chloro- 
8 Intense, 





* 
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November 30th,—No, 147, 


Another pariah to which phosphorus has been given as in the case of 146, 
Is, however, more sickly. Into chloroform box at 11h, 32m, 57s, Fallen down 
at 11h, 40m, 41s, Placed on the table and kept quiet with chloroform, Canula 
inserted into artery at 11h, 51m, 7s, One Ludwig and one Fick tracing during 
the administration of chloroform persistently until death resulted, At the com- 
mencement there was a sudden fall of pressure—the result of holding the breath, 

Observation. 
H.| My 48; 

A, 11 59 45,—Chloroform, The animal held its breath, the effect 
being well seen in Fick 3, The pressure fell rapidly 
and seyeral deep gasps were taken, The respira- 
tion stopped at 12h, Im, 25s, The heart continued 
beating till 12h, 8m, 0s, 

November 30th,—No, 148. 

A thin phosphorus dog of the same batch as 146 and 147, (Has had 
chloroform this morning, but was revived by artificial respiration.) Into 
chloroform box at 2h, 30m, 37s, Fallen down at 2h, 40m,, and taken out of 
box, Placed on the table and kept under with chloroform, Artificial respira- 
tion at 2h, 42m, 20s, until 2h, 42m, 50s, Artery ligatured and canula inserted, 
Connections with manometers at 2h, 49m, 50s, Three Ludwig and four Fick 
tracings showing the effect of (a) giving chloroform on a cap crammed on 
closely over the face so as to partially asphyxiate the animal, compared with 
the gradual fall of pressure that occurs when chloroform is properly | adminis- 
tered with air ; (}) giving ether in the same way ; (¢) giving ammonia in the 
same way ; (d) holding the dog’s mouth and nose so as to produce asphyxia 
without chloroform or ether, and (e) irritation of the right vagus, ‘The dog was 
eventually killed by making him inhale concentrated chloroform vapour through 
a tube tied into the trachea. 


Observations, 
HM, 8, ; 
A. 950 0,—Chloroform on a cap held close’ over the face; the 
animal struggled and held its breath, There was a 
rapid and irregular fall of pressure (vide Fick 2), 
B. 2 53 30.—Chloroform in the same way; same effects produced 
(vide Fick 8), 
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a 2 Wh ecules oform in the same way ; same effects produced, 
but to such a marked degree that it was thought 
clot had collected in the tubes (see Fick 4), Thien, 
ruption. 

3 11 0,—Chloroform as before ; same effects produced (note 
Fick 6), 

317 0,—Chloroform with sufficient air to ensure regular breath. 
ing ; there was no struggling or holding of the 
breath, and no irregularity of the blood-pressure oy 
circulation, Fick 7 is worthy of notice, though jt 
records the pulse as the animal was almost coming 
round, 

3 21 10,—Chloroform with insufficient air ; same effects as at A, 
B, & C ; shown very markedly in Fick 8, 

8 85 0,—Inhalation of ammonia. 


3 36 45,—Chloroform again with plenty of air, There was 
slight struggling at first and slight corresponding 
irregularity in the fall of blood-pressure, Fick 12, 
taken when the pressure was getting very low, shows 
beautifully the regularity of the pressure and pulse 
tracing when the breathing is regular, and ought 
to be contrasted and compared with Fick 2, 3, 4, 

6, 8, and 11, 
3 47 50.—Ether on cap held close over the face ; struggling 
and holding the breath, Fick 14 and 15 show 
effects on the pressure and pulse, similar to those 
produced when chloroform is given in the same way. 
Compare Fick 14, 15, and 16 with Fick 7, 8, and 9, 
—Simple asphyxia showing rapid fall of pressure and 
regular pulse (vide Fick 17) 


3 54 20, 


4 1 25,.—Chloroform again with plenty of air, Breathing 
slightly irregular from groaning; there is a corre- 
sponding slicht nregularity in the tracing. 
—Electrical irritation of right vagus ; coil 10, 
—Chloroform again with suffici 
breathing, This obs 
clotting in the tubes, 


4 15 15, 


416 40, 
ent air to ensure regular 
ervation was interrupted by 
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M. 8. 


O, 4 20 0.—Electrical irritation of right vagus : coil 10, 


P, 4 31 0,—(An open tube had been placed in trachea in the 
interval,) Chloroform on cap oyer the mouth of 
the tube, Effect kept up by artificial respiration 
till death ; heart stopped at 4h, 41m, 0s, 


Q. 4 42 0,—Artery cut ; pressure fell to zero, 


Tf the Fick tracings of Experiment No, 148 be com- 
pared with the photographic reproduction of tracings 
A and C of the Glasgow Committee, it will be seen 
that they are identical, and that the slow action of the 
heart, with great fall of pressure, which the Glasgow 
Committee attributed to some capricious action of 
chloroform upon the heart, was undoubtedly due to 
stimulation of the vagus from asphyxia, The 
tracings of the Glasgow Committee’s experiments 
show nothing more than that chloroform lowers the 
blood-pressure, and that sometimes under chloroform 
the fall of pressure is sudden and irregular. When 
once it is proved, as it is by the experiments of the 
Hyderabad Commission, that there is no danger 
in either sudden or gradual falls of the blood-pres- 
sure, unless the heart is weakened by interference 
with its nutrition, the whole of the Glasgow Com- 
mittee’s contention, with regard to the danger of 
chloroform to the heart and the necessity for feeling 
the pulse during its administration, falls to the 
ground, 


December 2nd,—No. 149, 

Monkey of fair size. Temperature of the room 19 cent, Into chloroform 
box at 8h, 20m, 50s, Fallen down at 8h, 24m. 40s, Placed on the table at 
8h, 25m, 40s, and kept quiet with chloroform, Left carotid ligatured and 
canula inserted into it, Right carotid looped. Trachea opened, and a glass 
tube connected with the India-rabber pump of the Junker apparatus and pro- 
vided with an exit tube tied into it for artificial respiration. Connection with 
the manometers shortly before 8h, 54m. 


One Ludwig and one Fick tracing. 
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H, M. 8. Observations, 
A. 8 55 30—Ligature of the right carotid. 
B, 8 55 40—Struggling. 


0, 8 57 30—Chloroform administration on a sponge held in fron 
of the tracheal tube. 


D, 9 0 40—Chloroform administration by letting the animal. 


breathe through the Junker »ottle without the 
Tndia-rubber bellows attachment, and pushing 
chloroform in this way until respiration stopped, 

E, 9 4 0—Artificial respiration in the ordinary way by compress. 
ing the chest. 

F, 9 9 0—After recovery, artificial respiration continuously by 
means of the India-rubber bellows of the Junker 
apparatus attached to the tracheal tube, while 
measures were being taken to separate the head 
from the body, 

G, 9 10 20—Slight hemorrhage from a large artery, 

H, 9 18 O0—Slight hemorrhage from the jugular vein. 

9 22 30—Pumping chloroform vapour through the Junker appa- 

ratus into the trachea until respiration ceased, 
| After the tracing ended, the head was severed, and the animal gaye a few 
diaphragmatic gasps, but eventually died, the heart stopping finally at 9h, 35m, 
December 2nd,—No, 150, 

Fi Fall-sized pariah, Weight 304 lbs, Into chloroform box at 11h, 10m, 55s. 

es oa a ee Placed on the table at 11h, 23m. Ads, and 

es t,o et and cannula insorted 
way. Connection made with the manometer at 


11h, 41m, 15s, Three Ludwi ' ; ass : 
sry : g and two Fick tr | readin 
is incorporated with the Fick of 149) racings (the Ist Fick reading 


H. M, 8. 


Observations, 
A, 11 42 50—Smothering by holding the mouth and nose tightly 


closed, The effect of this is shown in Fick 2, The 
a pulse fell from 116 before the smothering to 38 after. 


1 4 
145 0 Gradual chloroform administration with plenty of 
aur in the ordinary way, 





T 
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18, 


K, 
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H, M, & : 
11 48 30—Smothering again while the animal was well under 
chloroform, 


11 50 20—Smothering again when it was just about to come 
out of chloroform, 

11 53 45—Giving chloroform again for a short time and then at 
11h, 55m, 15s, smothering the animal, during which 
proceeding respiratory movements completely ceased, 
and though a spontaneous attempt was made to 
breathe artificial respiration became necessary, 


12 4 5—Giving chloroform again with lots of air, and as soon 
as the animal’s cornea was insensitive, smother- 
ing it. 

12 9 80—Giving chloroform with the cap crammed on to the 
muzzle so as to admit very little air, and pushing it 
until respiration ceased, Artificial respiration at 
12h, 11m, 30s. 

12 17 35—Smothering again (vide Fick 7 and 8), These obser- 
yations were accompanied by very violent struggling, 
and the smothering was consequently ineflective, 

12 23 15—Smothering again, ‘The pressure fell 20mm, ‘The 
effect of simple smothering in lowering the blood- 
pressure and slowing the pulse is well shown in the 
Ludwig tracing and in Fick 10 ; compare with Fick 2, 


12 37 30—Division of both vagi. 


12 38 20—Giving a little chloroform at times to keep the animal 


under. 

12 40 20—Smothering again. Fick 13 and 14 show that 
smothering after division of the yagi did not cause 
any slowing of the pulse as it did when the yagi 
were intact, 

12 48 0,—Inhalation of Amyl nitrite, of which, however, the 
quality was very doubtful. as 

12 51 30,—Chloroform was then pushed until respiration ceased, 
and the animal died in spite of artificial respiration, 


Before the last observation the animal’s temperature had fallen below 95 F. 
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December 2nd.—No, 151, 


Temperature of the room 234 Cent. Fair-sized pariah, very thin, ang 
wounded. Weight 23 lbs. Into chloroform box at 3h. 14m, 3s, Fallen down 
at 3h, 20m, 5s. -Placed on the table at 3h, 20m. 30s. Loop under both vagi, 
Temperature in the rectum at 3h, 26m. 101 F, Artery ligatured at 3h. 26m, 475, 
Canula inserted at 8h, 27m. 55s, Connection with manometer at 3h. 44m, 30s, 
Two Ludwig and one Fick tracing. 

Observations, 
HOM, 8 
A, 8 46 20—Ordinary chloroform administration at various times, 


B, 3.50 30—Smothering by holding the mouth and nose, The 
blood-pressure fell 25mm, and the pulse dropped 
from 72 to 31 per minute. 

GC. 355 0—Cutting both vagi. 

D, 8 58 25—Smothering again, The effect of smothering, now that 
the yagi are cut, is to cause an inappreciable fall of 
blood-pressure, and acceleration of the pulse to 105 
per minute; compare Fick 2 and 10 of Experiment 
150, and Fick 3 of 151, with Fick 5 and 6 of 151, 
The difference in the effects of smothering before and 
after division of the vagi is obviously due to the 
section of the nerves, 

E, 4 1 40—Artificial respiration. 


F, 4 3 30—Pushing chloroform until respiration ceased. 


G4 8 10—Inhalation of Amyl nitrite of somewhat better quality 
than in the last experiment, 


H, 4 16 50—Chloroform again with siruggling and eventual death 


in spite of artificial respiration, ‘Temperature in 

the rectum at death 96 BF. 

December 3rd,—No, 152, 
3 fe ett 3% lbs. Temperature of the room 19 Cent, Chloroform 
ae a - ; ae aM ic foot box, Fallen down at 7h, 59m, 15s, Taken out of 
Eee abe ie and ae quiet with chloroform, Canula inserted into left 
eee B manometer a little before 8h. 35m, One Ludwig 
lek readings on the samo tracing as 154, Chloroform 
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was first given gradually and then pushed by pressing the cap closely upon 
the animal’s nose and mouth, ‘The effect of this latter proceeding is not 
shown in the tracing, owing to the artery becoming hopelessly drawn out of 
its sheath and twisted, Respiration ceased at about 8h, 52m, 30s, and the 
heart was still beating when the observation ceased at 9h, 

December 3rd,—No, 153, 

Rabbit, weight 33 lbs. Temperature of the room 197 Cent, Into 
chloroform box at 9h, 45m, 40s. Fallen down at 9h, 52m, 40s. Taken out at 
once, but not being properly under, was put in again, The box was afterwards 
opened from time to time, but the animal was never fully insensitive. Conyul- 
sions began at 10h, 9m, 55s,, and it was then taken out of box, and as it was 
not under, it was given more chloroform on a cap at once, It stopped breath- 
ing and artificial respiration was begun at 10h, 11m, 40s, Heart was still beat- 
ing very rapidly, but efficiently when the thorax was opened at 10h, 14m, 45s, 
Auricle only beating at 10h, 52m, 30s, Auricle still beating regularly, though 
slowly, at 11h, 49m, Auricle still beating, but more feebly, at 12h, 7m, A 
portion of the auricle was still beating slowly at 1h, 2m,, although all the 
organs had begun to shrivel up by drying. 

December 38rd,—No, 154, 

Temperature of the room 20} Cent, Monkey, fair-sized, but thin and 
wounded, weight 9} lbs, Into chloroform box at 10h, 44m, Fallen against 
the side at 10h, 51m, 15s,, but still winking. Came out completely at 10h, 53m. 
30s., and more chloroform was put into the box. ‘Taken out of the box at 10h. 
55m, 50s, and placed on the table and kept quiet with chloroform, while an 
operation to expose the spinal cord was performed. Temperature 1028 F. 
in the rectum at 11h, 3m, Spinal cord exposed opposite the 5th cervical 
yertebra at 11h, 8m, Left carotid ligatured at 11h, 14m, 20s, Canula inserted 
at 11h, 15m, 43s. One Ludwig tracing and a part of one Fick (incorporated 
with 152), 

Observations, 
Tl. M. 8, 

A, 11 20 45—Ordinary chloroform administration. 

B, 11 26 0—Chloroform by Junker’s inhaler attached to the 
tracheal tube. 

C. 11 27 15—Artificial respiration by the Junker bellows attached 
to the tracheal tube. 

D, 11 30 30—Severance of the spinal cord at about the fifth cervi- 
cal vertebra, . 


















. + 
H. M, & : 
11 33 0—Chloroform again by Junker continued until the He 
almost ceased beating, 
December 3rd,—No, 155. 


Fair-sized monkey, weight 92 lbs, Temperature of the room 23 Cent, 


is 


BS Tnto chloroform box at 2h, 31m. 28s, Fallen down at 2h, 40m. Placed on the 
: table and kept quiet with chloroform while the spinal cord was being exposed, 


during which proceeding there was a loss of about 1 oz. of blood, ‘Tempera. 
jure in the rectum 102 F, at 2h, 45m, Artery ligatured 2h, 51m, 45s. Cany ile 
inserted at 2h, 55m, 30s. Trachea opened and tube inserted at 2h, 57m, 50s, 
Connection made with manometer at 3h, 2m. A little chloroform was accident. 
ally thrown into the trachea by the Junker apparatus and death resulted ip 
spite of artificial respiration, 
December 3rd,—No. 156. 

; Weight 277 lbs. A large pariah that has had two grains of phosphorus this 
morning, Into chloroform box at 3h, 26m, 30s. 
and placed on the board at 3h. 40m, 10s. Artery ligatured at 3h, 46m, 50s, 
and canula inserted at 3h, 48m, Loop under both vagi, Connection made 
with manometer at 3h, 51m, 7s, One Ludwig and two Fick tracing's, 


H. M, 8 Observations, 


A, 3 56 40—Administration of chloroform with a cap closely ap- 
: plied to the muzzle (Fick 2 shows the extreme in- 
hibition of the heart’s action probably owing to 


vagus stimulation from interference with the res- 
; pivation), 


= B. 4 0 5—Gradual administration of chloroform with plenty of air, 


| CoA. 55—Simple smothering without chloroform by holding 
: ths mouth and nose (compare Fick reading 5 with 
Be reading 2), These readings are identical (1) 
: with each other ; (2) with Fick readings 4 and 9 of 
s ae evment 117, which are tracings of simple vagus 
Imitation ; (3) with Fick Reading 11 of Experiment 


a ; 64, which is a tracing of vagus irritation and 
* chloroform administration combined ;(4) with Fick 
oe Reading 13 of Experiment 178, which records the 


arrest of the heart, after stoppage of the respiration 


by chloroform poisoning ; and (5) with the Glasgow 
tracings A and C, more especially C, 





en 


Fallen down at 3h. 39m, 35s,- 
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H, M, 8, 


D, 4 7 0.—Division of both vagi, 


HE, 4 10 35.—Simple smothering again (compare the extremely 
rapid pulse in Fick 7, with the slow pulse of Fick 5 
before the vagi were divided), 

F. 4 14 50.—Chloroform again with the cap closely applied while 
the pulse was still extremely rapid (compare 
No. 151). The pressure fell rapidly, and after the 
chloroform was stopped the animal gaye two or 
three convulsive gasps in rapid succession which 
had no effect on the pressure, 

G, 4 16 20,—Artificial respiration failed to restore the animal and 
the heart stopped beating about six minutes after 
the last gasp, Temperature 101'4 F, Thorax opened 
at 4h, 23m, Heart quite still, but irritable, 
December 4th,—No, 157, 


A large pariah, weight 38 Ibs,, that had three grains of phosphorus 
yesterday—one in the morning and two in the evening, ‘Temperature of the 
room 183 Cent, Into chloroform box at 7h, 58m, 30s, Fallen down at 8h, 4m, 
59s, Left carotid ligatured and canula inserted, ‘Temperature 100°6 F. in the 
rectum, Both vagi looped, Connection with manometer at Sh, 26m, 40s, ‘Two 
Ludwig and two Fick tracings, 

Observations. 
H. M. 8. 

A. 8 27 0,—Ordinary chloroform administration, 

B, 8 28 15.—A remarkable fall of pressure and slowing of the pulse 
(vide Fick 2) that occurred after the chloroform had 
been stopped, ‘The apparatus for holding the dog's 
muzzle was being removed at the time, but no 
exact cause could be assigned for the fall of pres- 
sure (which resembles that produced by asphysia 
in other phosphorus dogs), except that the animal 
was holding its breath, After about a minute the 
pressure and pulse were restored to their previous 
condition without artificial respiration or other 
interference, 


C. 8 35 0.—Snipping of the margin of the anus (Bick 3), 
16 


oe anes 


ess 















aie Chl bsp with the ‘cap closely applied to the m sles 
ee (ude Bidet): . i 


B. 8 42 45.—Chloroform again (the animal struggling and holding 
pe breath) ; pushed until respiration had stopped, i 
BF 8 44 + 0.—Artificial respiration, 
G. 8 45 0.—Division of both vagi. 
H. 8 48 20,—Chloroform very gently with lots of air until respira 
tion had almost stopped. 
8 57 20,—Chloroform again pushed until the respiration ceased 
entirely. 
, 8.59 0.—Artificial respiration for broken periods, At one time : 
the artificial respiration appeared to have the effect — 
of preventing the natural rise of pressure (vide the 
Ludwig tracing just after Fick reading 9), The 
‘animal now entered into a completely anomalous . 
des condition in which he gasped slowly and irregularly — 
and the pressure rose and fell in the most rapid 
3 manner without any apparent reason, j 
 K. 9 10 40,—hritation of the peripheral end of the right vagus, at 
; first with the coils distant 15, and afterwards 10 
centimetres, the latter proving effective, 


L, 9 13 50.—Pushing chloroform until death resulted (the tracing — 
_was interrupted by clots in the tubes which were 
only cleared just before death), ‘ 
‘ December 4ih.—No. 158. 3 
; arge pariah, weight 87 lbs., that had three orai f phosphorus: 
; Lang Ki grains of phosphorus — 
: aa like 157, Tnto chloroform box at 10h, 23m, 20s, Fallen down and 
‘ nee p aced on the table at 10h, 28m, 45s, Kept quiet with chloroform from 
fe time, Temperature 101 F, 
a <p on eS artificial respiration performed now and again until 10h. 46m. 
ae - fe at 10h, 88m, and canula inserted, Connection with the mano- 
; i at 1 h, 4im. Two Ludwig and one Fick tracing, 
ge om & Observations, ; 
Be PetDeRI Ro OrAlnam oki’: 
: 5, Ordinary chloroform administration, struggling and 
* ed : holding the breath, 4 


E O—Pushing. chloroform until respiration stopped. 
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Breathing very feeble and slow at 


e - which did not, however, raise the mean blood-pressure atall, Artificial resp 
tion was continued for five mi 
























tee omy ies j : R es. 
C, 11 8 10.—Injection of liquor atropince 10 minims into the BS ae 


toneum, a 
D, 11 12 5.—hritation of the right yagus to test the effect of atropine, 
E, 11 13 30.—Injection of 20 minims more liquor atropine: into peri- * 
toneum, ; 
fF, 11 16 30.—hritation of the right vagus again, with now a distinct 
riso of pressure, The yagi are paralysed by the 
atropine, 
G, 11 21 0,—Pushing chloroform gently, but not without some 
struggling and holding the breath, 4 
H, 11 29 0,—Smothering by holding nose and mouth (vide Fick 4, 
in which the pulse is alternately slow and quick ; 
according to the phase of respiration, but distinct Bu 
yagus irritation is absent, and compare with Fick 2 
and 5 of 156), aaa 
J, 11 81 0,—Pushing chloroform until respiration ceased ; artificial ' 
respiration failed to restore the animal, = 


December 4th,—No, 159, 


Temperature of the room 23°5 Cent, Dog, weight 35 Ibs,, that has had 
phosphorus (one grain yesterday, one to-day). Into chloroform box at 
3h, 38m, 45s. Fallen down at 8h. 8m. 8s, and placed on the table at once and 
given chloroform from time to time to keep it quiet. Breathing stopped and 
artificial respiration performed at 3h, 14m. 35s, and continued for a few 
seconds. Temperature in rectum 101°9 F, Canula inserted into the artery 
at 3h, 17m, 10s, Connection with manometer at 3h, 19m. 8s. The animal 
was fully sensitive and chloroform was given almost immediately, Violent 
strugeling with the breath held ensued and afterwards deep inspirations and 
howling, during which he must have inhaled chloroform very freely. -Chloro- " 
form was stopped after one minute and respiration ceased after about three- . 
quarters of a minute more, Artificial respiration was at once commenced, and 
after about 84 minutes there were a few feeble gasping respiratory movements, 


nutes longer, but failed to restore the animal 
the heart ceasing to beat about ten minutes after the chloroform was ee 
The liver was distinctly fatty, and the heart appeared to he soft ant : 
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December 4th,—No. 160. 


Pariah dog, weight 24 lbs., has had two grains of phosphorus as in 159 
Into chloroform box at 3h, 38m, 248, Fallen down at 3h. 49m, 20s. Placed 
on the table at once. Canula inserted into the left carotid at 3h. 55m, Ads, 
Connection with manometer at 3h, 59m, 30s, One Ludwig tracing only, 
Chloroform was given at first very gently with plenty of air until the animal 
was fully under. The animal’s head was then placed in a bladder which 
communicated with an apparatus (described in Appendix) for generating 
carbonic acid and the inhalation of this gas commenced. Blood-pressure fell 
slowly at first, but afterwards more rapidly. After 33 minutes the respiration 
stopped, and the bladder was at once taken off the dog’s head and air freely 
admitted while artificial respiration was commenced. Gasping  respira- 
tory movements occurred after about a minute, but had little or no effect 
upon the blood-pressure, and ceased finally after another minute, Artificial 
respiration was resumed, but without avail, The liver was not apparently 
fatty, 


December 6th,—No, 161, 


Temperature of the room 20 Cent, Large pariah, weight 26 Ibs., that has 
had three grains of phosphorus in one-grain daily doses, but is not particularly 
sick, though out of a batch of seven, of which he is one, who were dosed with 
phosphorus in the same way, three died in the course of the day. Into chloroform 
box at 10h, 11m. 20s. More chloroform into the box at 10h. 17m. 40s, Fallen 
down at 10h. 22m, 40s, Placed on the table at 10h. 28m, 25s. Slight conyul- 
sions at 10h, 25m., after which the breath was held for about half a minute and 
artificial respiration was employed for a few seconds, More chloroform at 10h. 
25m, 55s, as the animal was sensitive and groaning. Temperature in the rec- 
fim 1004 F, Chloroform stopped again at 10h, 27m. 50s. More chloroform 
at 10h, 29m, 25s, Artery ligatured at 10h, 30m. Stop chloroform again at 10h. 
A 108, Canula inserted at 10h, 31m, 52s, More chloroform at 10h, 33m. 
a ia cad Hae chloroform again at 10h, 34m, 40s, Stop chlo- 
hives ee ie ae onnection made with manometer at 10h, 36m, 308. 

ick tracings, 


H. M, 8, Observations, 


A. 10 39 25.—Administration of alcohol by Junker’s inhaler, the 
tube introduced into the nostril (the pressure in 


this animal fell in a marked way whenever he 
struggled), 


ee 


“a Bese 
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H, M8 


B, 10 45 0.—Alcohol continued, but close fitting inhaler used in 
place of the tube in the nostril, 


C, 10 51 30.—Chloroform administration with struggling. 


D. 10 59 10.—Inhalation of carbonic acid, and chloroform at the 
same time (wide especially Fick reading 8), 

E, 11 9 4,—Carbonie acid inhalation again (after giving fresh air), 
and for a short time chloroform as well (vide Fick 6), 


F, 11 24 0,—Carbonie acid inhalation again with more careful 
exclusion of air, After the Carbonic acid was stopped 
he breathed spontaneously for a short time, but arti- 
ficial respiration then became necessary at intervals, 


G, 1148 0,—Lastly, smothering by bandaging mouth and nose 
with an elastic band until he died, 


December 6th,—No, 162, 


Weight 9 Ibs, Monkey that had half a grain of morphine at 12 o'clock 
hypodermically. Into chloroform box at 2h, 25m, 5s, Fallen down at 2h, 32m. 
15s, and at once placed on the board, Artery ligatured and canula inserted as 
usual, Connection with manometer at 2h, 50m, 15s, Two Ludwig and one 
Fick tracing during repeated administrations of chloroform until respiration 
ceased, with an increasing interyal on each occasion before commencing artifi- 
cial respiration until at last it failed to restore life, 

Observations. 
HM, & 

A, 3 52 55,—Gentle chloroform administration with plenty of air. 
At first there were irregularities in the respiration, 
sneezing for example, and the trace is slightly 
irregular, The respiration then became regular, 
and the fall of pressure was perfectly regular 
until cessation of the respiration at 2h, 58m, 0s, 
Artificial respiration was commenced at 2h, 58m. 30s, 
and stopped at 2h, 59m, 20s, The animal then 
went into a profound sleep until 3h, 10m, 35s., when 
more chloroform was given, 











































mn AM, Atle yee i : 

314 30,— More chloroform, ‘The respiration stopped at 3h, 16 
0s, Artificial respiration was commenced at 3h, 16 
40s,, and the animal was fully restored at 3h, 23m =| 
0s, The artificial respiration was stopped from. ; 
3h, 18m, 35s, to 8h, 19m, Os., when Fick 6 wae 

‘ taken, There is barely any pulse tracing to be seq 
in Fick reading 6, but the heart was not weakened 
and the animal was revived completely by continued 
artificial respiration, ; 

6, 3 27 5,—Chloroform more freely than before, Respiration stop. | 
ped at 8h, 28m. 0s, and artificial respiration was 
commenced at 3h, 29m. 15s, Fick 9 was takenat _ 
3h, 28m, 55s, and shows entire absence of pulse :: 
tracing, and yet, as in Fick 6, the heart was not 
weakened, and the animal was again rapidly restored _ 
by artificial respiration, 

D, 3 88 40,—Repetition of Band ©, This time the animal at first strug- 
gled and held its breath, and there was consequent 
irregularity of the circulation (vide the Ludwig tracing — 
and Fick 11), The respiration stopped at 3h, 39m, 
40s,, and Fick 12 shows complete absence of pulse : t 
tracing again, Artificial respiration was commenced 4 f 
at 3h, 41m, 30s. and the animal was easily restored, 

HE, 3 48 10,—Chloroform pushed till death ; the respiration stopped E 
. 3h, 52m, 0s, and the heart stopped at 8h, 57m, 

Os. 
that the heart has ceased on ne an eg paralysed, is no proof while 
Boies failed! This remark bi, nee it has ceased to act tomporailliilly 
ae able that when the heart stopped (vide Fick 6, by 
; mdawig tracing on either side of these readin 8) there was n0 
further fall of blood-pressure, showing th: F 8 ‘ = 
ee qengite, g that at the time of cessation the pressure 

was already as low as it Gould be, If direct weaken; e 

sos of the fall of blood-pressure in chlorof ae oe eh the heart were the ne 

_ heart-beats getting smaller and ae a ministration, we ought to find the 

siplbnests ana era er up to the time when the pressure 
aon et My growing bigger and bigger again on the other 






























10s, Two Ludwig and one Fick tracing. 


po ho a ee es 
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side as the effect of the chloroform wears off. Instead of this, Experiment 162 
shows that there were ample pulsations on both sides of the temporary 

pauses, If Fick 9, with the Ludwig tracing on either side, is carefully studied, 5 
it will be scen that up to the time the heart beats ceased, the pulsations recorded 
in the Ludwig were ample and strong, There was then a temporary arrest of 
pulsation for 6 seconds (vide Fick 9), Immediately after Pick 9 the pulsation 
returned for 5 seconds (vide the Ludwig between 3h, 28m, 0s, and 3h, 29m. 0s.) 
Afterwards there was a long pause of 20 seconds without any pulsations 
at all. ‘This pause was so marked that Dr. Bomford thought a clot had formed i 


e 


2 


. 
3 


in the tube, and at 3h, 29m. 10s, he wrote on the Ludwig tracing “? clot,” 
Artificial respiration was just about to be commenced when the animal gave two 
spontaneous gasps, vigorous pulsations followed and the pressure was raised in 
five seconds to the height it was at before chloroform was administered in 
Observation C. 


* 


December 7th.—No. 163. 


Temperature of the room 23 Cent, Medium-sized pariah, weight 25} lbs. 
that has had three grains of phosphorus, one daily on the 3rd, 4th, and 5th 
instant, Is now very feeble and can hardly stand. Tied on to the dog-board 
at 10h, 44m. 15s. Given chloroform on the ordinary cap at 10h. 44m, 45s. 
Operation to tie carotid commenced at 10h, 45m, 80s, Chloroform stopped at 
10h, 46m, 45s, Canula inserted into carotid at 10h, 50m. 15s. Temperature in 
rectum 94:6 F. Connection made with manometer at 10h, 55m, One Ludwig 
and one Fick tracing during very gradual administration of chloroform, the 
animal’s head being inserted through an opening in the side of a large box 
(8 feet cubic contents) and carefully packed with wet cloths after one ounce of 
chloroform had been introduced into the box on blotting paper. Post-mortem 


temperature 94°8 F. 
December 7th,—No, 164, 


Another phosphorus dog of the same 
batch, but does not appear to be particularly ill. Weight 29 Ibs, Tied down 
on the board and given chloroform on a cap at 11h, aimn 40s, Chloroform 
stopped at 11h, 29m. 6s, More chloroform at 11h, 30m, 45s, Stopped again ‘ 
at 11h, 31m, 6s. Both pupils dilated. Artery ligatured at 11h. 31m, a ai 
Temperature in the vagina 102 F. Ganula inserted af 11h, 384m. 68, More 
chloroform at 11h, 36m, 10s, Connection made with manometer at 11h, 39m, 


Temperature of the room 23 Cent, 
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Observations. 


H, M, 8 

A, 11 39 0,—Rapid chloroform administration while struggling and 

holding breath, Great irregularity is observed jn 
the Ludwig tracing. 


B. 11 41 0,—Gentle administration of chloroform in the ordinary 
way so as not to excite struggles. The contrast to 
Observation A is very marked. 

©, 11 44 0.—Very gradual administration with the large box ag jp 
163, 

D, 11 52 40,.—Snipping the skin of the thigh. 

B, 11 53 50,—Excision of one of the nipples. 

F, 11 55 10,—Evulsion of nails. 

After these at 12h, 2m. 0s. the box was opened and the air freshened by 
means of a bellows and then closed again after another ounce of chloroform had 
been introduced, This was continued until the animal died. ‘The respiration 
ceased at 12h, 12m, Os,, and the heart stopped at 12h. 18m. 30s, Post-mortem— 


Temperature 101 F, Liver very friable, but very congested and of a dark 
colour, Heart distended, 


December 7th.—No, 165, 


Monkey, weight 9 Ibs,, to whom one drachm of tincture of cantharides was 
given by the stomach yesterday evening and another this morning, and it does 
not appear to be ill at all, Placed on the board and given chloroform at 2h. 
41m, 40s, Chloroform stopped at 2h, 45m, 30s, Chloroform again at 2h, 47m, 
5s, for a short time, Again at 2h, 49m, Ariery ligatured at 2h, 52m, 5s, and 
more chloroform at 2h, 52m, 30s, Stopped again at 2h, 53m, 10s, No urine 
in the bladder. Loop under the internal jugular vein, 
56m, A little chloroform again at 2h, 57m, 5s, 
Fick reading on the same tracing as 167, © 
on a cap closely applied while the 
held his breath and gaye deep g 
tion stopped. Chloroform was 


Canula inserted at 2h, 
One Ludwig tracing and one 
hloroform was given very freely 
animal was struggling, He then alternately 
asps while the pressure fell rapidly, Respira- 
discontinued and artifice) 1 respirati ‘ag 
rf : Melal respiration Wi 

eae i oe breathed in a feeble snorting way for a short time 

pe nally, Artificial respirati “ for 
Several minutes, but without effec OSS eee penfomss 4 


eins caret anew t, the heart gradually ceasing, The blad-_ 


Eph geaiod, congested, The mesentery was very much 
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December 7th,—No, 166, 


Unusually large pariah dog, weight 39 Ibs, (unpoisoned, but old and tooth- 
less). Placed on the table struggling violently and given chloroform at 8h, 
27m, 10s. Chloroform stopped at 3h, 28m, 50s, Struggling again and given 
more chloroform from $h, 31m, 30s, to 3h, 33m, 10s, Artery ligatured at 3h, 
33m, Noticed to have stopped breathing at 3h, 34m, 5s, and artificial respiration 
was performed until 3h, 39m, A needle thrust into his heart at that time did 
not beat, Lungs pigmented and bloodless, Mitral valve almost cartilaginous 
on its free margin, This dog’s death was the result of inattention on the part 


of the attendants, who were seeing how quickly they could tie the artery and 
were not watching the respiration, 


December 7th —No, 167, 


Pariah, weight 383 lbs, (unpoisoned and healthy), nto chloroform box at 
3h, 50m, 50s, Fallen down at 3h, 54m, 30s, and placed on the board at once, 
More chloroform at 3h, 55m, 45s, Stopped at 3h, 57m, More chloroform at 3h. 
58m, Artery ligatured at 4h, 50s, Chloroform stopped at 4h, Im. 15s, Artery 
ligatured and canula inserted, More chloroform at 4h, 3m, 35s, Stopped at 4h, 
5m, 3s, Connection made with the manometer at 4h, 5m, 20s, One Ludwig 
and one Fick tracing (which includes the solitary reading of 165), After a 
little chloroform had been given 5mm, of nicotine were injected into the peri- 
toneum, Shortly afterwards the pressure began to fluctuate violently and the 
dog to gape as if he were about to vomit. Fick reading 2 was then taken and 
immediately afterwards the pressure rose steadily and with slight oscillations to 
aboye 250 mm, and landed the marker on the top of the drum, ‘There was no 
apparent cause for this rise and no spasm was noticed; but in the confusion it may 
have been overlooked, The pressure soon fell again to about 180mm, Chloroform 
was discontinued and respiration ceased for rather more than a minute, After 
another two minutes the pressure began to fall rapidly, and the administration 
of chloroform, which was continued for about half a minute, seemed to hasten 
this fall. The breathing soon after ceased and the animal died, Convulsive 
twitchings of the jaw, ears, and forepaws continued until after 4h, 80m, The 
movements continued for more than ten minutes after death, and were sufficiently 
forcible to jerk the handles of a pair of pressure forceps fixed on the end of the 
tongue off the table at each spasm, 

December 9ih,—No, 168, 


Monkey, weight 941bs,, placed in the chloroform box at 10h, 19m, 44s, 


Fallen down at 10h, 28m, 42s, and at once placed on the table and {kept quiet 
17 


















ie the manometer ae 10h, 49m, Ads, 


(One tidwie facia and part of one Fick (incor porated with 169 and 17 





<A, 10 A Pics chloroform administration, No struggling ; | 
tracing regular. 

B, 10 46 0,—Chloroform administration. 
the breath ; very irregular breathing continued with 
ee irregularity of the circulation until 


Struggling and holding Be: 


©, 10 50. fe gaddaned bill administration of chloroform with 4 
plenty of air until death. The respiration stoppeaal bs 
at 10h, 59m, 30s, and the heart at 11h, 8m, 0s, 


mortem—Temperature 100°8 F. 


December 9th,—No. 169, 


Dog, 373 lbs, Given chloroform at 11h. 12m. 30s. 

Placed on the table at 11h, 16m, 10s. 
47s, Stopped at 11h, 18m, 25s, More chloroform at 11h. 19m, 5s, 
‘tured at 11h, 19m, 55s, Stopped chloroform at 11h, 21m, 5s. 
AS 1th, 21m. 21s, More chloroform at 11h, 22m, 35s, Stopped chloroform at 11h, 23m, 
1s Connection with manometer at 11h, 24m, 25s, 

Bick tracing during continued gentle administration of chloroform until death. 


Fallen down at 11h, 15m, a 
More chloroform given ae 17m 


Canula inserted ab - 


One Ludwig and part of a 


A, 11 27 5,—Chloroform gently, 
11 30 55,—Respiration stopped, 
11 84 45,—Heart stopped, 












December 9th,—No, 170, 
Monkey that has had 
and the ne before, 
placed on the table at 1 
ie ligatured 


a drachm of tincture of cantharides — 

‘Into chloroform box at 11h, 47m, 48s. ; 
2h, 5m, and Kept quiet with chloroform from — 
Canula inserted at 12h. 10m, ; 
One Ludwig and 





at 12h, 9m, 20s, 







manometer at 12h, 13m, 10g, 
= ele aio of ere until dea 





ensued. Post-mortem—Temperaiure 104 F. Bladder quite empty. No visible 
congestion of the kidneys. 
WH. M.S. 
A, 12 13 30. =Chiorotonrs gently, 
12 19 40.—Respiration stopped. 


12 25 0,—Heart stopped. 
December 9th.—No. 171. 


Rabbit. Weight 3 Ibs. Placed on the rabbit-board at 2h, 43m, 50s, Giyen 
chloroform at 2h, 45m, and from time to time to keep it quiet, Artery ligatured 
at 2h, 54m, (very small), Canula inserted at 3h, Connection with the mano- 
meter at 3h, 5m, Part of one Ludwig tracing and of one Fick (incorporated 
with the tracings of 172). ; 
















Observations, 
H. M, 8. 

A. 8 38 0,—Violent struggling, 
B. 8 8 40,—Chloroform administration pushed until the respiration 
ceased, 
C, 3 10 10,—Artificial respiration ; the artery was then accidentally — 
torn and the tracing concluded, as it did not seem as 
ifthe animal was coming round. The heart con- 
tinued to beat until 3h. 17m. 


December 9th—No. 172. 


Another rabbit. Weight 84 lbs. Tied on the rabbit-board and given chloro- 
form at 3h, 21m, 23s, Artery ligatured at 3h, 26m, 50s. Canula inserted at 
8h. 29m, 10s, Connection with the manometer at 3h, 87m. One Ludwig trac- 
ing, and one Fick (incorporated with 171), 


H. M, 8 Observations. 
A, 8 88 15,—Gentle chloroform administration on a sponge before 
the nose ; struggling. oy 


B. 3 43 15.—Chloroform again while struggling and holding i jets 
breath, (The pressure rose eyery time the animal 
held its breath.) Violent struggling. 


©, 38 45 30,—Chloroform on a cap closely mene to the as ae 








rae = 
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D. B 7B Peculorotorm on a cap very gently without oxciting 
struggles, and pushed until respiration stopped, and 
the heart was very feeble, A kink in the tube stop. 
ped the tracing. The heart continued to beat until 

4h, 9m. 


It is excessively difficult to administer chloroform to rabbits without 
exciting struggling or making them hold their breath. 
December 10th,.—No, 173. 


Large pariah dog. Weight 34} lbs. Chloroformed in the box at 10h, 27m, 
38s, Fell down at 10h, 33m, 45s, Placed on the table at 10h, 34m, 2s, and 
kept quiet with chloroform, Artery ligatured at 10h, 38m, 25s, Canula inserted 
10h, 39m, 45s, Connection with the manometer at 11h, 46m, 15s, One Ludwig 
and one Fick tracing. 

HM & Observations. 
A, 10 47 50.--Ordinary chloroform administration until the cornea 
became insensitive twice. 
B, 10 54 85.—Injection of one grain of cocaine into the peritoneum, 
C, 10 57 50.—Chloroform again until cornea became insensitive. 


D, 11 6 15,.—After the animal had come round, chloroform again, 
very gently but continuously, until death, Another 
injection of one grain of cocaine, After the respira- 
tion had stopped two curious rises of pressure with 
improved action of the heart took place (vide Fick 
readings 17 and 19), 

December 10th.—No, 174. 

Medium-sized pariah, Weight 243 Ibs. Temperature of the room 214 Cent. 
Tnto chloroform box at 11h, 34m, 48s. Fallen down at 11h, 48m, 7s, Placed 
on the hoard at 11h, 48m, 20s, and kept quiet with chloroform, Artery ligatured 
at 11h, 48m, 10s, Canula inserted at 11h, 49m, 10s, Temperature in the 
rectum 1023 F. Jugular vein ligatured at 11h, 57m, 10s, Canula inserted 
into the jugular at 11h, 58m, 45s, Connection with the manometer at 12h, 1m. 
45s, One Ludwig and one Fick tracing, 


H. M, 8, Observations, 


A, 12 2 20.—Chloroform administration while struggling and holding 


t=} 


breath, but stopped almost immediately, after which 
the pressure fell considerably during a prolonged 
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holding of the breath, but was restored to its former 
height by four deep slow inspirations, the cornea 
being still sensitive, 
B, 12 5 80,—Chloroform again in the ordinary way three times, the 
third time until the cornea had been insensitive for 
a considerable time, 

©, 12 15 40,—Chloroform again for a short time, and then at 12h, 
17m, 0s, injection of five minims of nicotine into 
the jugular vein, After this there was an immediate 
fall of pressure with irregularity and slowing of the 
heart's action (vide Fick 10), then very rapid heart's 
action and rise of pressure, and convulsions followed 
by a very rapid fall, Death ensued four minutes 
after the nicotine was thrown into the heart, 
December 10th,—No, 175, 

Large goat, Weight 60 lbs, Thrown and given chloroform at 2h, 34m, 
40s, Loop under both vagi, Artery ligatured at 2h, 41m, 40s, Canula in- 
serted at 2h, 43m, 17s, Connection with the manometer at 2h, 50m, 15s, One 
Ludwig and one Fick tracing. 

HM. 8. Observations. 

A, 250 15,—Chloroform administration during struggling and 
holding the breath, which caused the usual fall in 
pressure, Chloroform was stopped after the pres- 
sure had risen again, and there was a well-marked 
after-fall, 

B, 2.54 0,—Continued struggles and holding of the breath, 

CG, 8 0 0.—Chloroform again, very gently and without struggling, 
until the cornea became insensitive. 

D, 3 6 50.—Chloroform gently and continuously until death, The 
respiration stopped at 3h, 11m, Os, and the heart 
at 3h, 18m, 0s, 

December 10th,—No, 176, 

Smaller and rather thin goat, 46 Ibs, Thrown and chloroformed at 3h. 
28m, 30s, Artery ligatured at 8h, 43m, 45s, and canula inserted as usual. 
Connection with the manometer at 8h, 39m, 20s, One Ludwig and one Fick 
















It shows the difficulty of killing ; 
5 which can persistently hold its breath for long perio 


1 Tike the goat, W 
yery large quantity of chloroform was used, 
iar December 11th,—No. 177. 


: oF Weight 10 Ibs, Into chloroform at 10h. 47m. 58. Fallen do 
11h, 58m, 30s, Placed on the table at once and kept quiet with chlorofor 
f carotid artery ligatured at 11h, 6m, 30s, Canula inserted at 11h. 9m, 20 
1e artery was accidentally cut across by the ligature pa the canula could 
inserted again as the internal coats had collapsed. The left carotid was, 
ore, tied above and below and abandoned, Right carotid artery ligatured 7. 
11h, 18m, 7s, Canula, inserted at 11h. 19m, 27s, Left vagus exposed and 
ned, Connection made with manometer at 11h, 26m, 5s. One Ludwig and 
‘ick tracing, 7 
Rom, 8. Observations. E, a 
ae Pi 11 26 45,—Ordinary chloroform administration with struggles, — of 
} (The trace is defective from kinks in the tube.) a 
B, 11 25 30,—Free chloroform administration while irritating the — ff 
vagus. (The effect upon the vagus ceased before the — 
electrodes were removed (vide Vick 5) and the — 
chloroform was pushed until respiration ceased.) 


©. 11 32 0.—Artificial respiration, 




























= 


which had an unexpectedly depressing effect, pro- 
bably from the dose being excessive or the locality 
chosen for the injection unsuitable, (?) 
The experiment was interrupted by the canula breaking while being cleare 
id cutting the artery, and the animal was killed with chloroform, 


December 11th—No, 178, 


Dog that had $a grain of morphine hypodermically at 12 o'clock ant 
other 3 grain at 2 o’clock. Put into chloroform box at 2h, Lm, 5s, Falle 
eae 
wn at 2h, 6m, 30s, Placed on the table at 2h, 6m, 55s, and kept quiet witt 
_ chlorofo Left carotid ligatured at 2h, 13m, 45s, Canula inserted at 2h. 
; Connection with the manometer at about 2h, 18m, 30s, ‘Three Lu 
ok tracings, The object in this experiment was to ascertain 
In pr ting the success of artificial respiration 


Chloroform was given four times gently until respiration ceased “and longer 


noticed just before and at the time the respiration stopped (wide Fick readings 2 











































intervals were allowed to elapse each time before artificial respiration was 
commenced, On the first occasion a remarkable slowing of the heart was 


and 3), Artificial respiration was commenced after about half a minute and 
natural respiration was soon restored, On the next occasion the heart completely 
stopped at the same time as the respiration (vie Fick reading 8), but soon com- 
menced to beat again. Artificial respiration was begun nearly two minutes 
after the cessation of natural respiration, but this was again speedily restored, On 
the third oceasion the heart again stopped at the same time as the respiration 
(vide Fick 18) and did not resume its beating for more than half a minute, After 
more than two minutes the animal made two feeble gasps, but artificial respira- 
tion was not begun until four minutes after the original stoppage. The pres- 
sure rose almost at once and natural respiration soon returned, On the fourth 
occasion there was again marked slowing of the heart's action shortly after 
respiration had stopped (Fick 18). Artificial respiration was begun after two 
minutes and a half and was successful in restoring the natural respiration, After 
recoyery the chloroform was again pushed rapidly and continued until death 
resulted without any attempt to restore the animal by artificial respiration. 
There was again some slowing and intermittence of the heart's action (wide Pick 
26), but the heart continued to beat for eight minutes after the cessation of the 
respiration, 
Observations, 
H, M, 8 
A, 2 19 45,—Chloroform. Respiration became very slow at 2h, 21m. 
10s. At 2h, 22m, 0s, the pupils were both dilated 
and at 2h, 24m, 40s, the respiration stopped, This 
was immediately followed by a long cessation of the 
action of the heart ; there was then one full beat 
and the very slow action which is recorded in Fick 
reading 3, It is to be observed that the cessation 
of the heart's action was not followed by any further — 
fall of the blood-pressure, and that the pulsations on 
each side of the pause were ample and strong: in 
short, there was arrest, but there was no failure 
of the heart. Artificial respiration was resorted to. 
2h, 25m, 24s., though there is no doubt th 
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heart stopped completely (wide 
It recommenced to beat very quickly, but 
Breathing recom- 


there was a second and shorter arrest, recorded on the 
The heart stopped at the same 


ar, and ceased at 2h, 34m, 30s, At the 


The respiration was thought to have stop- 


at 2h, 36m, 30s,, but it was unnecessary as the animal 
at 2h, 58m, 40s., but did not actually stop till 


would have recovered without it, 
menced at 2h, 57m, 0s,, but at 2h, 58m, Os, the pres- 


same moment the 
Ludwig tracing, Artificial respiration was employed 
moment for more than a minute, 


very irregul 
Fick 8). 


9h, 54m, 45s. 


2 51 40,—Chloroform, 
ped 


B, 2 29 25—Chloroform. At 2h, 33m, 0s. the respiration became 


C, 


- 


I 0 [op op IT 
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sure fell again and artificial respiration was resorted 
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to at 2h, 58m, 40, The blood-pressure rose rapidly 
and natural breathing recommenced at 3h, 1m, 0s, 
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The respiration stop- 


Artificial respiration was com- 


D, 8 7 25,—Chloroform with plenty of air, 
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ped at 3h, 14m, 0s, 


animal soon 


breathed naturally, which he would probably have 


and the 
done without artificial respiration, 


30s, 


menced at 3h, 16m, 


E, 8 28 0,—The animal was still stupified from the effect of the 


administered 


Respiration stop- 


Chloroform was 


previous dose of chloroform when this observation 


was commenced, 


freely with a closely applied cap, 


ped at 3h, 32m, 40s, and the heart ceased to beat at 


3h, 40m, 25s, 


Experiment 178 is very like Experiment 162 in 
which the heart’s action was temporarily arrested 


every time the respiratory centre w 


As in 162 there was no further 


as paralysed, 


fall of blood-pres- 


sure during the arrest, and the beats on each side 


of the stop were ample and stron 





g. The most re- 
at Fick 18, For 


markable instance of this is seen 


more than 2 minutes there were onl 


pulsations recorded 


y 17 very slight 


, and for oyera minute of this 
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Sm bo bte Set £4 =z 4 
e 4 fe 4 Ai | Bee 4% bey was employed with the addition of a bellows, which drew the air from the box. 
a i ¥ dy <3 f & | on: is In the valve-hole of the bellows a 3 in, tube was fixed by means of a large cork 
2 ¥ at te “y 4 ? Et ts 8 33 bung. - This tube was connected by a 4 in. India-rubber tubing with ono of tho 
a2 a2 gs a5 a “28 z = tubes in the end of the box already described, and by the Y tube with tho 
ef e fq gs E é « | tracheal canula. A valve over the nozzle of the bellows and another on one 
wg &E . #5 * ; 4g arm of the ¥ tube regulated the direction of the current of air. These valves 
a £i £2 £2 GE #2 consisted simply of a piece of dentists’ sheet rubber tied loosely over the end 
‘ g &e : be y 
| 4é 42 2g é 3 of the nozzle or tube and then cut across. When the air passed in one direc- 
4 itd 23 tion, ¢.g.,from the bellows, it blew open the edges of the ent rubber, but when 
Hy 2 it tried to pass in the opposite direction the edges of the rubber fell together 
£8 and presented a considerable obstacle. 





















the action of the heart wate 




































































i é 4 Administration of Definite Quantities of Chloroform. 
Fi Sees © 3 or the purpose of giving a definite quantity of chloroform with un- 
i eee OY § limited quantity of air another apparatus was used. It consisted of a wide- 
ue 5 : 5 = 3 x = = 2 necked jar 7 in. deep by 54 in. internal diameter. The top was closed by a 
= eos 2 3s ° s = t tightly-fitting bung, in which there were three apertures. In two of these were 
= = <_-_5_5 5 z be . >) fixed 3 in. glass tubes, and the third was closed by asmall stopper, which could 
Fi ; i + te : i be withdrawn at will for the purpose of introducing chloroform into the bottle, - | 
SS | Rates, : = = 2 t To one of these tubes a valve was attached which only allowed the air to enter 
~ aly z 3 s = ane 3 i the bottle, but prevented its exit, The other tube was connected by wide rubber 
; é : = i a A = E 2 ones S 4 tubing with a tin inhaler. This inhaler was in the form of a truncated ii 
4 F cE ee a * ha 2 a esa 2 and had two % in. tubes opening into it. ‘ One of these wae at the apica 
I siud = =e eS ee epee neS TS = end, and the other at the side of the inhaler, The apical a — Ree 
5 3 bi 3 : a ae = : = gs Ril et Yo - nected with the bottle just described. The side tube was fe a ; 
| 848.3 Caged sss 3 32 4 = ees 3 simple valve consisting of a perforated cork, over which a ee t BA 
“Hi é 2 Be Ge. Bic 3 g os 2 2 a ma + rubber was loosely fastened. At each expiration the rubber allowe ss 
— i 2 75s ae gis 2 e to escape freely, but at each inspiration it closed completely. The muzzle 0 
3 Cae | Ba 4 F 4 u a the animal was inserted in the inhaler, and a piece of Mackintosh was tied 
a z z 3 3 : = - E Ey B I i round the inhaler and the head of the animal by means of an elastic bandage, 
i i : ‘ . 4 = a8 3 i a sg 4 so that the inhaler was nearly air-tight. On inspiration the: air passed pa 
ie is ¢ a 4 28 E 3 3 E the glass cylinder, becoming partially charged with chloroform on its way, an 
i ‘ ; : : 4 : b u 2 = 3 E during expiration it passed out through the side tube of the inhaler. 
F| 8 5 . . . a 
-iifi:} u 5 : i = & For the purpose of keeping up artificial Bee a on 
2 ¢ 8 €-3 a & oe & was employed, but to the nozzle of it was fixed a va ‘oe ; eee 
eS = S268 0S: Bae bellows was pressed, and thus directed the air into the ungs, ES a 
aga 4 asl F Bead 28 E the bellows expanded, and thus allowed the air to escape from the ‘ings. : 
; A r 
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This valve consisted of a T tin tube § in. in diameter. One end of its. trang. 

verse limb was connected with the nozzle of the bellows, the other with the 

tracheal canula, The opening of the perpendicular limb was covered by a 

piece of tin plate mounted on a hinge in such a way that when the bellows 

was pressed a cord tied to the upper handle of the bellows pulled it down and 

closed the opening, but during the expansion of the bellows it was raised and 

the opening uncovered by the elastic force of a piece of India-rubber. The cord 
and India-rubber were both attached to a short rod fixed at right angles to 
that which carried the cover. When it was desired to give chloroform vapour 
along with the insuflated air, a piece of blotting-paper soaked with chloroform 
was held over the valve-opening of the bellows, or the opening was closed by 
a bung and wide rubber tube, and the blotting-paper was placed inside the 
tube. ,In the first comparative experiments on the effects of chloroform and 
ether on the heart in monkeys, when given by insufflation, the bellows and 
valve just described was employed, Instead of one limb of the T tube being 
directly connected with the tracheal canula, however, it was connected to a 
small glass T tube. Each of the other limbs of this tube passed to a long- 
necked glass flask furnished with a tubulature through which the anesthetic 
could be introduced, The neck of the flask was closed by a stopper through 
which two glass tubes passed, one reaching only a little way below the stop- 
per, but the other extending nearly to the bottom of the flask. One of these 
tubes was connected with the glass T tube just mentioned, and the other with 
a glass canula tightly tied into the trachea. At each blast of the bellows the 
air passed onward through these glass flasks to the trachea of the animals, and 
returned through the flasks and out through the valve during the expansion of 
the bellows. It is evident that by this arrangement a certain admixture of 
ether and chloroform vapour will occur in the tubes between the animals and 
the valve, so that after a few blasts both animals will receive mixed vapour, 
although that of chloroform will predominate in the one case and that of ether 
in the other. In order to avoid this admixture the bellows was used without 
the yalve, and provision was made for allowing the air to escape from the 
lungs by using a different form of tracheal canula. Instead of a plain glass 
ge et small glass T tube was used. The perpendicular limb was inserted 
nae ee a LS Saas. Oras limb was connected with the 
end of which was drawn ey and he eee pe cf glass ipbings oo 
This was attached by a short pi a Tn . ae ae! eee He 
FE chai) cana ue rt piece of India-rubber tubing to the limb of 
. @ orifice was of such a size that while it presented 
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sufficient resistance to the passage of air to allow the lungs to become com- 
pletely inflated when the bellows was pressed, yet during the expansion of the 
bellows it allowed the air to escape from the lungs and thus prevented oyer- 
distension. 


When it was desired to give vapour by insufflation to one small animal, 
such as a monkey or rabbit, only the India-rubber ball of Junker’s apparatus 
was used instead of the bellows. Junker’s apparatus consists of the India- 
rubber balls ordinarily used for spray producers, but these are attached to a 
bottle in which the anesthetic is put in such a way that, instead of producing 
spray, the air simply passes through the anesthetic and becomes charged with 
the vapour. Tt then passes to a mouth-piece and is inhaled, The mouth-piece 
which we employed for dogs was made of stout leather in the form ofa truncated 
cone. A metal tube } in. in diameter, opening into the inhaler at its apical 
end, conveyed the vapour into it. This tube fitted the opening in the inhaler, 
through which it passed closely, but the junction was not air-tight. The inhaler 
at its other end did not fit the dog’s muzzle at all closely, so that there was a 
free circulation of air, When we wished to prevent this and to give concentrated 
yapour, a piece of Mackintosh was tied over the inhaler and muzzle so as to 
close up the space between them. 


Blood=pressure Experiments. 


In all these experiments the pressure within the arteries was registered 
by one of Ludwig's kymographs consisting of a mercurial manometer and a 
revolving cylinder on which the oscillations of the mercury were recorded. 
The paper on the cylinder was smoked by means of burning camphor. The 
float on the mercury of the manometer consisted of a cylindrical piece of ivory 
tapering below and bearing above a steel wire, near the top of which a writing 
point of glass was fixed by a bit of cork. This point was kept in contact with 
the smoked paper by a silk thread loaded with a shot. ‘To the top of the mano- 
meter was fastened a second writing point made of glass or of copper foil. 
When the mercury was at zero this point was at the same level as the point on 
the float, and as the cylinder revolved it traced the zero line round it and thus 


afforded a means of estimating the height of the blood-pressure at any moment, 
Near the topof the 


The cylinder revolved once in nearly thirty minutes. ! 
cylinder was placed a magnetic time-marker worked by a DuBois Reymond’s 
key. 
‘An observer sat constantly beside the cylinder with a watch in front of 
him, and recorded on the cylinder by means of the time-marker, as well as the 
2% 














might be really the same 


instant when anything worthy of note occurred, the time, minute by minute, 
When the revolution of the cylinder or drum was complete it was removed, ang 
a second drum, which was kept ready smoked, was substituted. The tracing on 
the first drum was at once cut off and yarnished, and another paper put on and 
smoked, go as to be in readiness when required. 


The movement of the cylinder in these experiments is much slower than 
that usually employed, but it has the double advantage of allowing the whole 
record of the experiment to be reproduced and of rendering distinct even 
small variations of pressure which are apt to escape observation in the long 
tracing taken on a rapidly revolving drum. But the tracing taken on such a 
slow drum as we employed has the disadvantage of being so compressed 
that the individual pluse-beats are invisible, 


To obviate this defect a method of double registration was adopted, which 
had been devised by one of us for a previous research. In the connection be- 
tween Ludwig’s kymograph and the artery a Y tube was inserted, by means of 
which a second kymograph, the cylinder of which revolved once in 3m. 9s., or 
about ten times as rapidly as the first could also be brought into communication 
with the artery, Both were provided with stop-cocks, so that they might either 
be allowed to work simultaneously, or the communication of either or both 
with the artery cut off at will. Ifa mercurial manometer had been used in 
the second kymograph it would have given the number of pulse-beats, but the 
oscillation of the mercury itself would have modified their size and form. One 
of Fick’s spring manometers was therefore used, and in order to prevent the 
oscillations of the mercury in the other manometer affecting Fick’s the stop- 
cock connecting the former with the artery was almost always turned off 
when the latter was turned on. This plan had the further advantage that the 
straight line traced by the float of Ludwig’s kymograph attracts the eye so that 
a glance at the tracing at once shows when a tracing has been taken by Fick's 
Peanuts and by attaching corresponding numbers to these blanks in the trac- 
ane from Indwig's kymograph and the tracings by Fick’s kymograph, the 
een of the tracings to each other can be at once ascertained, The clock-work 
ee ly al hs win he tra 
Bela tin te ns : atl i opened, A short time is required for the clock- 
Phy ie loser to ee : fee atthe beginning of a tracing the oscilla- 
Petter dha bua of fee epuilee may appear to be quicker atthe begm- 

& of Fick’s kymograph, although the pulse rate 
throughout. The cylinder was usually, though not 
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always, allowed to revolve a little space after the connection of the manometer 
with the artery had been cut off in order that the readings might be more dis- 
tinctly separated from one another. The mercurial manometer was connected 
with the artery partly by metal and partly by India-rubber tubing. The Fick’s 
manometer was connected entirely by India-rubber tubing in the experiments 
up to November 5th, but after that the connection was made partly by India- 
rubber and partly by metal, exactly as in the Ludwig’s. The whole of the 
connecting tubes, except those between the Y tube and the manometers where 
water was used, were filled with a solution of sodium bicarbonate in order to 
prevent coagulation occurring in them. 


This solution was made by saturating boiling water with sodium bi- 
carbonate and then boiling it for some minutes, so as partly to conyert it into 
carbonate. It was then allowed to cool, and was poured into a largo glass 
vessel furnished with a tubulature near the bottom, and suspended on the wall 
of the room at a height of 7 ft. from the floor and 44 ft. above the level of the 
table. From the tubulature of this vessel the solution was conveyed by 
India-rubber tubing to a glass T-piece inserted in the connection between the 
manometers and the artery. By means of clamps the soda solution could be 
passed at will through the tubes leading to the artery. Before beginning an 
experiment the pressure within the manometer was raised by means of the 
soda solution to a height approximating to the estimated blood-pressure 
in the animal so as to prevent the blood from passing too far up the tubes 
and forming clots. This was also done whenever the artery and mano- 
meter had to be disconnected on account of clots having formed. In 
order further to lessen the tendency to form clots an elongated glass bulb 
was introduced into the tubing, and was connected by a short piece of 
India-rubber tube with the glass canula in the artery. The canulas used 
for ingertion into the artery were blown with a short neck to hold the 
ligature and prevent the canula from slipping out of the artery. They 
wore of various sizes so as to fit the artery of the animal experimented on, 
In all the experiments, with one exception, the animal was first rendered 
insensible by being placed in a box with chloroform, as ether given in this way 
would have been useless, As soon as it became insensible it was taken down 
and the legs fastened with cords to a simple piece of board 4 ft, 6 in, long by 
2 ft, 2 in. broad. ‘Lo one end of this one of Bernard’s dog-holders was attached 
and in this the animal’s head was put so as to hold it still, Chloroform or 
ether was then administered on a nose-cap as required to keep the animal 
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anmsthetised and one carotid exposed, the left being selected in every cago as 
it was nearest to the manometer. Occasionally one or both vagl were algo 
exposed and a loop of thread placed under them, but not tightened round them, 


The artery was firmly ligatured on its distal side, and the proximal ane 
was compressed by spring forceps covered with India-rubber tubing to prevent 
their injuring the coats of the artery. The artery was then opened, the canula 
inserted, and firmly tied in, The canula was then filled with soda solution by 
means of a pipette, and connected with the glass bulb already mentioned, care 
being taken that no air bubbles were present. The spring forceps were then 
removed from the artery, the stop-cock of the manometer turned so as_ to open 
the connection with the artery, and the tracing commenced. All this time the 
animal was kept unconscious by the administration of an anesthetic from time 
to time as required. 


Registration of the Movements of the Heart. 


These were sometimes registered by inserting a needle into the heart, 
and connecting a thread to the end which projected outside the thorax when 
this was unopened, or outside the cardiac walls when the thorax was opened 
and the heart exposed. This thread was in the first instance tied to the lever 
of a Marey’s tambour (4), and the movement transmitted by it to a second 
one (B), which recorded it. The resistance of the two tambours, however, was 
too great, and the tracings obtained were unsatisfactory. Better results were 
obtained by connecting the needle in the heart with a time-marker by means 
of two very light wooden pulleys. The lever of the time-markers being kept 
up by a very fine spring, a very slight pull sufficed to depress it, and thus it 
marked even when the cardiac action was weak, and had the further advantage 
of opposing very little resistance to the action of the heart. 


Registration of the Respiration. 


For this purpose the two Marey’s tambours A and B were used. A was 
usually connected to a needle pushed through the chest walls into the 
diaphragm. On one or two occasions an incision was made just under the 
margin of the ribs, and a piece of thick copper-wire flattened at one end, was 
introduced, so that the flat pieces lay between the diaphragm and _ liver. The 


ane ee projected outside, and the thread from Marey’s tambour was fasten al 
ae ae one later experiments a fish-hook was used instead of a 
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PART VIII—THE CONTROVERSY ON ANAESTHETICS 
AND THE HYDERABAD COMMISSION. 


Ty this part of the report it is deemed advisable to reproduce, prefaced 
by Syme’s lecture, every thing of importance bearing on anesthetics and the 
Hyderabad Commission, which has been published between the time when the 
conclusions of the Commission were put forward in The Lancet, and the present 
publication of their tracings and experiments. The Commission has always 
courted criticism, and has frankly recognized that the chloroform question can 
only be settled by full and free discussion ; and the soundness of this conviction 
is illustrated by the primary disagreement between the Hyderabad Commission 
and the Glasgow Committee. The Glasgow Committee inferred from their 
research that the chief dangers of chloroform are reduction of blood-pressure 
and sudden stoppage of the heart. Their animals, however, did not die, and 
the ground for this inference, which was drawn from a variety of falls of the 
blood-pressure in their experiments, is the universal belief that a general fall 
of blood-pressure is in itself a source of danger. The Hyderabad Commission 
has proved that stoppage of the heart under chloroform may be a safeguard 
against poisoning or oyerdosing ; and this discovery is irreconcilable with 
the finding of the Glasgow Committee, But prolonged consideration and 
ventilation of the matter have made it clear that a general fall of the blood- 
pressure is not necessarily a sign of weakening of the heart ; and it is there- 
fore at onco evident that the Glasgow and Hyderabad experiments are in 
complete accord, Both demonstrate that sudden and gradual falls of blood- 
pressure may occur under chloroform without danger to the organism ; and 
the fact that a general fall of the blood-pressure, whether gradual or sudden, 
is not in itself dangerous, forms in reality the physiological foundation | of 
the clinical truth that normal chloroform anesthesia is free from risk, Nothing 
but good can arise from the controversy ; and accordingly the agreement now 
established, between the experimental data of the Glasgow Committee and 
those of the Hyderabad Commission, has only to be extended to their con- 
clusions to be the means of settling the chloroform question and saying 


thousands of lives. 








JRE ON CLINICAL SURGERY DELIVERED DURING 
one WINTER SESSION OF 1854-55 BY JAMES 
SYMBE, Esq. PROFESSOR OF CLINICAL 
SURGERY IN THE UNIVERSITY 
OF EDINBURGH. 


From “ The Lancet,” dated 20th January 1886, 
CHLOROFORM. 


I mAvE now to speak of some cases in which chloroform will be given as 
usual, in consequence of the pain otherwise attendant on the operations to be 
performed ; but before the patients are brought in I may take this opportunity 
of saying a few words regarding the use of chloroform, as you see that fatal 
cases, I am sorry to say, still occur, and that the medical journals, conse- 
quently, express doubts as to the use of chloroform at all, or say that, if used, 
it must be only with the greatest caution. Chloroform is no doubt a very 
powerful agent, sufficient to destroy the strongest individual if employed freely 
enough, Its fatal effects were shown at an early period in the following way : 
a lecturer in London was illustrating its action upon a guineapig, which was 
placed under a glass jar along with some of the anesthetic : the professor, in 
the eagerness of his discourse, left the animal too long under the jar, and it 
died. He explained to his audience the cause of the accident, but, though the 
reasons he gaye were satisfactory, yet an impression w 


as made upon the public 
which was not soon effaced, 


In this respect, however, there is nothing peculiar 
to chloroform as a medicinal agent; opium, prussic acid, strychnia &e., not 
only may, but often do, destroy life, through being used in Bartlet, But the 
question 18, may it be used judiciously so as to do the good without exposing 
the patient to the risk of the evil? Tt is said in London that it cannot : that 
the risk 18 80 great that it is only justifiable to use it in case of operationa 
accompanied with an extreme degree of pain, or where stillness on the part of 
x ee : essential to success, and that the greatest caution is rea in 

administration ; here we say that, if used with moderate care, it is perfectly 


safe, It was in this theatre th; 
D Si a at ch] oroform was fir ba inister i i 
; ; 8 administer ed in yublic, by 


ete ince then it has been almost daily given here, 
ee au a fatal case, It is true one solitary instance of death from 
ceeurred in another part of the hospital, but that case has 
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nothing todo with us ; so far as my department is concerned, it might as well 
have been at Guy’s Hospital or in Kamschatka, or anywhere else ; indeed, it so 


happened that at the yery time when that unfortunate event was taking place 


in another part of the establishment, I was myself performing an operation on 
a patient under chloroform in this theatre. 


In inguiring into the reason of this difference between the experience of 
chloroform in London and here, we haye not far to search for the explanation ; 
it must lic in one of three things, w7z., difference in the chloroform, difference in 
the patients, or difference in the mode of administration : with regard to the” 
chloroform, I believe, that most of that which is used in London is made in 
Edinburgh, and I know that some of the fatal cases might be shown to have 
occurred with Edinburgh chloroform. 


With respect to the patients, it appears that great care is taken in London 
to use chloroform only in persons free from chest affections, especially cardiac 
derangements : here we never ask any questions as to the state of the heart or 
constitution of the patients. In all cases where chloroform is required for an 
operation, itis freely given. Now, considering the frequency of cardiac disease, 
and particularly of fatty heart,—which, in fact, is 1 believe rarely absent, at 
any rate in elderly persons,—and considering also the immense number of 
patients operated on, you cannot doubi that many hundreds with fatty degene- 
ration of the heart have.had chloroform administered to them here ; we eyen 
give chloroform without scruple, where we know disease of the heart oxists, 
Within the last week, a case in point occurred in my practice. A patient, with 
great dread of pain, and also with a horror of chloroform, had long endured 
severe pain from his disease, till existence had become a burden, because he 
could not venture to undergo the necessary operation without chloroform, while 
his medical adviser considered that to take it would be for him almost certain 
death, on account of organic disease known to exist in the heart, for Maa 
had consulted, and which it may be remarked had been recognized by r, 
Addison of Guy’s Hospital. At length his medical attendant said to him, that 
he had suffered so much from his complaint, that even if he died under ae 
yoform this would be better than remaining as he was; while, if it pr, 
happen that he should recover, he would be able to enjoy the rest of his Ite 


free from the disease. The patient could not resist the force of this argument, 


and camo to Edinburgh prepared for either alternative. I performed the par 
tion under chloroform ; and the first thing that he did on waking was to as 
for a cigar. 


ee 





















es a large stone, some years ago. 








ee As another example, I may mention the case of an old gentleman, ageq 
_ seventy-four, affected with disease of the heart, from whose bladder I remoyeq 
Chloroform was administered as he lay in bed - 
and he was put so fully under its influence, that he was taken from the hed 
was operated on, and put back to bed, before he woke from his sleep, We 
recovered perfectly ; but some time afterwards died and Dr. Begbie, on examin. 
ing the body, found the disease of the heart, which had been diagnosed during 
life. We cannot therefore attribute the absence of deaths here to our bein 
more discriminating than others in the patients to whom we administer chon 
form ; the yery reverse, in fact, being the case. 


T think then, gentlemen, that we are necessarily led to the conclusion 
that the difference of results depends on difference in the mode of administra- 
tion. We know that in other cases differences in the method of procedure had 
led to differences of results, ¢.g., it was said in London that amputation at the 
ankle invariably caused sloughing ; but it turned out that the surgeon who 
made this statement performed the operation ina manner that ee much 
from the principles on which it is here performed successfully, and which led 
inevitably to sloughing. So of dividing stricture by external cater it *, 
said that the extravasation of urine must necessarily take place in a ance 
manner, and that other serious complications may occur ; but it ‘aera ‘ 
ee the incision | had been made without guide on a Haare ; in sho 
with such deviations from principles as fully to account for the Tae 


ie nee ea pom what I have heard and read upon the sub- 
i ae a ioe erences between the mode of administration of 
MEER E aiare Grcosdine 4 a Lrehpears that here it is given according to 
Wee ae. a! ig There great attention is paid to the number 
Fea ed’ avo cdided onl ae ; here we are entirely regardless of the amount 
Heider ofthe gisaient af My ‘ © symptoms of the patient. The points that we 
iin ee. ee in the administration of chloroform are, first, 
soft porous material, such 4 ie vapowr of the chloroform, to ensure which a 
senting a pretty Tange sralice z eos pandbatchiel is employed, pre- 
apparatus held to the nose : : saad a a small piece of lint or any other 
the chloroform is given paced, if this is attended to the more rapidly 

, the better, till the effect is produced ; and hence, we 


do not stint i , 
3 oe an ae of chloroform. 'Then—and this is a most important — J 
] | as to the effect, not by the circulation but entirely by ; 
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Hii coicotors cis petoal ty eons diangs oF rt te 
will gain ground, But does tho onamaletont as uae ae a ee re Bl ee 

\ i ssion proye this? I think not. What it does prove 
is that in dogs and monkeys and some other animals, in India, respiration always gives warning 
of an overdose and oa BOB om one to ten minutes before the heart stops for ever, This is 
no new statement, for in Snow’s work on Anmstheties, published in 1857, we find the following 
passage : “The greater number of experimenters who have killed animals with chloroform 
have found that the action of the heart continued after the breathing ceased, but they did not 
either control or ascertain the proportion which the yapours of chloroform bore to the inspired 
air. In Mr, Thomas Wakley’s experiments tho action of the heart continued after the 
breathing had ceased ; and this was the case in a great number of experiments performed by 
a Commission which reported to the Society of Emulation of Paris in 1855,” This Com- 
mission came to the conclusion that “ in all instances in which animals are killed by chloro- 
form the action of the heart survives the respiration ; but they might have administered chloro- 
form to an equal number of human patients without any one of them being cut off by sudden 
paralysis of the heart.” Evidence, as we all know, is of two kinds—positive and negative 5 
and if three cases of death in the human subject are brought forward which have happened in 
England or in climates resembling ours in which tho heart has ceased beating and the patient 
has gone on breathing afterwa ds, then I affirm that these cases are of far more importance to 
us as practical anesthetists, and far outweigh the 480 experiments which were performed on 
dogs, monkeys, and other animals in the tropical heat of India,” 





The Commission states that it has searched the records of accidental deaths from chloro- 
form in Great Britain since 1855, and they find that there is not a single death from chloro- 
form recorded in which it was proved that the respiration alone was attended to throughout 


the inhalation, I also haye carefully gone through these same eases, and the conclusion I 


ed with the greatest care on account of the admin- 
istrator not knowing from which quarter danger might arise, and although it is not specially 
stated that the respiration was watched, I cannot for one instant doubt that it was well attended 
to, But to my mind this is a side question altogether, for, from the details of eases quoted a 
little farther on, there can be no doubt that the primary cause of death was cardiac failure, 
cessation of respiration being secondary. One very important point to note is that in these 
cases death took place in one instance in 120 seconds, in another in about 60 seconds, and in 
a third at five minutes from the commencement of inhalation. Now notice how different these 
fatal cases of the Commission, Not one of the 197 animals died 
; while the heart of one dog went on struggling 
tion had ceased, not counting the time of inhalation. There 
t, when the breathing stops, artificial respiration is the best 
hich cause the surgeon intense anxiety, but which 
and general pallor comes over the face 
vat of a hundred. 


thon the patient is dead in ninety-five cases 0 


arrive at is that all these cases were watch 





times are from those in the f 
in as short a time as the second case quoted 
for over ten minutes after respira 
is no doubt that in the human subjec 
proper treatment, and theso are the cases wh 
do not, or very rarely, ond fatally ; but when sudden 


together with sudden loss of pulse, 
Tt may be objected that in quoting these cases Tam going a long period back 3 but they 
é curring in much the same way up to the present 


arejtypical cases, and they have gone on oc 
mmission’s experiments were earried out varied from 18° 


2 [The temperature of the Laboratory in which the Co: 
to 24° 0,) 
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time, and they will continue so to do as long as chloroform is administered, Ihave the Jess 
hesitation in quoting these particular cases, for in each of them the ansthetic was even 
without any inhaler, all forms of which the Commission condemns, Referring to the three fatal 
cases aboye mentioned from Snow’s work on Anwstheties, I find :— 





Case 1,—Hannah G—, aged fifteen, of Winlaton, near Newoastle, operation to hg 
performed being eyulsion of a toe-nail, a similar operation haying been performed under 
ether a few months previously. On Jan, 28th, 1848, chloroform was administered upon a 
handkerchief, a drachm being poured on it, patient being seated in a chair, In half a minute 
Dr, Meggison, the administrator, finding no change in the breathing or alteration of the pulse, 
tested her sensibility by pinching the cheek, and finding no reflex, told the surgeon he might 
commence, Patient moyed when the incision was made, and more chloroform was about to be 
given, when the following events happened : lips suddenly became blanched, and she spluttered 
at the mouth, Cold water was dashed on the face, and the patient laid on the floor, Venesees 
tion in the arm and in the jugular vein was performed, but no blood flowed, The entire pro 
ceedings from the commencement of inhalation is said to haye been two minutes. From the 

lips becoming suddenly blanched in the aboye case there is every reason to conclude that the 
heart was suddenly paralysed, ‘The patient breathed for a little after this, and was able to 
swallow, though with difficulty, (Dr, Snow’s remarks.) 





Case 2.—Patrick C—, age not stated. March, 1848, Disease, fistula, Had taken chloro- 
form once previously, ‘Time of inhalation about one minute, Quantity consumed half a drachm, 
‘Lapse of time till death about one minute. Patient on his side, chloroform was administered on 
a handkerchief or towel, Immediately the operation was commenced the patient became pulse 
less, his pulse previously being full and natural, Here the period of inhalation was very short, 
‘one minute, and the evidence of paralysis of the heart distinct, 


Case 3.—J, V—, aged seventeen, Hotel Dicu, Lyons, January, 1849, Amputa- 
tion of finger, Chloroform was dropped upon gauze spread oyer the face, leaving a free pas- 
sage for air, At the end of five minutes patient still felt and spoke, at the end of six minutes 
hie became restless and still spoke, One drachm and a half of chloroform had now heen 
Seiad and good, He now struggled violently, and within a quarter of a minute 
a a e wrist became imperceptible, The gauze was remoyed, no pulse anywhere to 
bo falt, and no cardiac sounds audible, Respiration continued, and ceased in half a minute. 


on ce resuscitation were employed, and respiration reappeared in two minutes’ time, and 
then again gradually ceased, ‘The pulse did not return, 


nro cee ae 2 the practical conclusions which are generally the first read, and 
written, It is dificult patene: othe whole paper, no matter on what subject it is 
Peritstten of tho = : see how the Committee arrived at its first practical conclusion as to 
the patient as ain ce ses a8 back being the best. ‘This position is not so comfortable to 
face instead of on aie 7 side ;any of the anesthetic fluid accidentally spilt falls on his 
well owing to the rs NW; and, in fat people especially, the diaphragm does not descend s0 

weight of the fat on the abdomen pressing on it, Again, in this position the 
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patient usually swallows all the saliva which is secreted, often in large quantity, and this pro- 
duces after yomiting ; whereas when the patient is on his side the saliva will run out of the 
corner of his mouth, and consequently cannot irritate the mucons membrane of the stomach. 
‘Also, when the patient is lying on his side, the tongue is not liable to fall back and thus 
impede respiration ; in natural sleep and in cases of apoplexy how constantly do we notice that 
a patient on his back snores heayily and breathes uneasily, but when turned on his side all 
noise ceases and he breathes quietly. The next conclusion I agree with, provided the patient 
is placed on his side for the reasons above stated, The principles of the next five paragraphs 
have been taught in the London schools for years. T can answer for Charing-cross Hospital, 
where the pupils are systematically instructed in the theoretical and practical details of anges 
thetics. In paragraph 33 of the report the Committee state that they performed a large 
number of operations which are reputed to be particularly dangerous from shock, such as 
extraction of teeth, evulsion of nails, section of muscles of the eye, &e, These operations were 
performed in all stages of anesthesia, and even when the animal was merely stupefied with 
chloroform ; in no case was there anything suggestive of syncope or failure of the heart’s 
action. And yet in Conclusion VILL, we find, “ As a rule, no operation should be commenced 
until the patient is fully under the influence of the anssthetic, so as to avoid all chance of 
death from surgical shock or fright.” Now, how are we to reconcile these to statements ? Is 
it not apparent that animals do not suffer from surgical shock and cardiac failure, and are in this 
respect different from human beings. LT venture to state thatthere is no ansesthetist, eyen of mode- 
d cases of shock from insufficient anzsthesia, due to the surgeon 


rate experience, who has not notice a, du 
administrator whether the patient is ready, 


commencing the operation before asking the 


Conclusion IX, states : “The administrator should be guided as to the effect ontirely 
by the respiration. His only object, while producing anzsthesia, is to see that the a 
is not interfered with.” From the large experience I have had of administering antes _ 
in England during the last thirty years, I feel absolutely certain that if ee eee is a 
upon, the number of fatal cases, even Now too numerous, will rapidly eae? ae 
that the administrator should watch equally the face, the pulse, and the i a i : 
pallor of the face being of far more importance than partial erie ie t 2 ee 
The precautions mentioned in the remaining paragraphs are usually . ss a ie er 
Hospitals, Time alone will show whether the sanguine fature the aos ae 
in store for chloroform will come to pass if their rules for its administration,are ca f 

T remain, Sirs, yours faithfully, 
Peb, ard, 1890 WOODHOUSE BRAINE. 
, rd, 1890. 


—_——_— 


LETTER FROM Mr. ROGER WILLIAMS. 
To toe Bprrors or ~ Tur LANCET”. 


ial life i tho introduction of steam, so 
industrial life is the outeome of tl f 

ee f anmsthetics, Whatever relates to fatalities during 
+ importance to every practical surgeon, With nearly 


Sing,—Just as mod 
modern surgery is based upon the use © 
anmsthesia is therefore of the greates 









j ‘century's ‘experience at our back, it is surprising,—in thes days of advancing scicneg 
nd greater accuracy in many respects,—to find that even now we have no really reliable ine 

formation as to the relative frequency of such occurrences, Rough estimates there are jn 

abundance, the value of which may be judged from the fact that they vary, for chloroform, from 
1 in 36,500 to 1 in 2,666 administrations. 














My object in writing this letter is to point out that a perfectly reliable source of inform. 
ation is now available, so that in future there can be no excuse for ambiguity. For many 
z years past there has been kept at St. Bartholomew's Hospital a most admirable record of the 
administration of anssthetics and of tho fatalities which have occurred, These haye been 
: published from year to year with the annual statistical reports of the hospital, Believing the 
r subject well worth a little trouble, I have tabulated these records for the ten years 1878—1887 
During this time chloroform was administered 12,368 times, with 10 deaths (1 in 1 230), 
During the same period ether was administered 14,581 times, with 3 deaths (1 in 4,860), i 
9,072 of these cases ether was preceded by gas: 1 fatal case belongs to this category. In the 
other 5,509 cases ether alone was given, and 2 deaths oceurred.* These facts aroveny eloquent ; 
they require no lengthy comment. I have long been aware of the greater safety of ether, anil 
have therefore preferred it to chloroform in most cases, notwithstanding its disadvanteieml in 
some other respects. I believe this is the goal towards which professional opinion is steadil 
moying; and I think this movement likely to be most beneficial, Experience at other ia nit i 
leads me to believe that the results obtained at St. Bartholomew's may be accepted as reliable 

averages, There can be no doubt, in these cases at least, that most of the fatalities conte in 
7 spite of the greatest skill and care being used in the administration of the ep eiiot agents, 
. Such being tho case, it is impossible to arrive at any other conclusion than that such oot 
rences are unavoidable in a certain proportion of cases, 





% I cannot conclude this letter without i 
: nal f emphatic protest against the dictum of the 
ae ee ut such deaths must be ascribed entirely to carelessness on the part 
s. Such a : is op ini i 
ce a statement is opposed to all clinical experience, and it is simply 
. I am, Sirs, yours truly, 
Welbeck-Street, W., Jan. 30th, 1890, W. ROGER WILLIAMS 
a fi | 
: L 
fe ETTER FROM Surezon-Masor EDWARD LAWRIE, 
be To tHe Eprrors or “Tm Lancer” 
Sims—In Te L 
4 , ancet of Beb, 8th 5 i 
= and 15th, 1890, there are important letters on the 


7 relative safety of ansstheti illi 
‘ Y sthetics. Mx, Roger Williams gives cortain statistics of the administra- 


tion of anmsthetics and oe 
which, he says, oe * ee oF ich have occurred at St, Bartholomew’s Hospital, 
: pted as reliable ayerages ut the other London hospitals. From 


_ * Ibis right to state that i 
before . in each of these cases 
5 exhibition of the anmsthetic owing ee the patient was in an exceedingly feeble and collapsed state 
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these it appears that doaths from chloroform in the London hospitals amount to about L in 
1,236, and from ethor to 1 in 4,860 administrations, The late Mr, Syme’s cases and my own 
form a continuous series of daily administrations* of chloroform in Europe and in India, from 
4847 to 1890, without any deaths, and if Mr, Roger Williams’s reasoning from statisties is 
correct, it is logical to infer that the administration neither of chloroform nor of ether, as 
conducted in London, is as safe as the administration of chloroform on the principles advocated 
by Mr. Syme. 


There can bo no doubt that there is a flaw somewhere in the London teaching with 
reference to anwsthetics, and evidence on this point is supplied by tho letter of Mr, Woodhouse 
Braine, who maintains that it is far more important to watch for ‘pallor of the face than for 
partial interference with the breathing in chloroform administration, haying previously stated 
that pallor of the face is one of the signs that the patient is dead, Mr, Braine writes as if the 
acceptance of the truth about chloroform would be disastrous to anmsthesia specialists. The 
reverse of this would be the case, as it is well known that immense numbers of people are 
deterred from haying operations performed on account of the dread of anmsthesia caused by 


the present position of anmsthetics, 


It is for anmsthetists themselves, however, or for the surgeons who employ them, to 
decide which policy is likely to be more conducive to their own interests ; to persevere in an- 
nouncing publicly that anmsthetics cannot be given safely in London, or to give a fair trial to 
Syme’s principles, which have stood the test of experience, and have been proved by the 
Hyderabad Commission to rest on a secure physiological foundation, The question of chloro- 
form administration is no longer one of doubt or of opinion, and moreoyer it is one of common 
sense. If Hyderabad students can be taught to give chloroform as they do day after day, with 
guaranteed safety, @ fortiori it must be a much more easy task to teach London students to do 


the same. 
I am, Sirs, your obedient servant, 
EDWARD LAWRIB, 
Surgeon-Major, 


Hyderabad, Deccan, March 12th, 1890. 





MEDICAL SOCIETY OF LONDON. 
held on February 10th, the President, 


‘Ay ordinary meeting of this Society was 
Dr. Theodore Williams, in the chair. 
Tho President said that so much hung upon the valuable work of the Commission at 


Hyderabad that the council of the Society had decided to give up an evening to listening to 
Dr. Lauder Brunton’s account of experiments, and to the discussion following thereon. 





(* By daily «ctninistrations must be understood several administrations every day —Ep. L.) 















Dr, Brunton commenced by stating that the conclusions arrived at by the Commision 


vad icady heen published by “The Lancet » but he thought that the main value of their work 


layin the number of experiments that had been done, which had been recorded graphically, anq 
which would be printed and circulated so that they might be available to all, and the conclusions 
of the Commission concerning them might be criticised, and, where necessary, corrected, 
Syme attributed the absence of fatalities in the use of chloroform at Edinburgh to two facts— 
that yery pure chloroform was used, and that plenty of it was given. It occurred to the 
speaker that one reason of the deaths from chloroform might be the neglect of the second of 
Syme’s dicta ; for many of the deaths appeared to be due to shock, and to occur at the beginning 
of an operation. Syme taught also that in administering chloroform one should watch the 
respiration and not mind the pulse ; and Dr, Lawrie, in the first Hyderabad Commission, 
instituted a series of experiments to show that the respiration failed before the pulse. In tho 
first Commission 141 animals were used, and they all died of respiratory failure. The second 
Commission was inaugurated to repeat and extend these experiments, and 430 animals were 
used with a similar result ; in the entire 571 animals the respiration failed before the heart, 
It might be said that two chief theories were promulgated regarding the action of chloroform ; 
one, which might be called the Edinburgh theory—that chloroform paralysed the respiration, 
but did not paralyse the heart ; and the other, which was chiefly current in London—that 
chloroform paralysed the heart, and that this was the chief source of danger. It had occurred 
to Dr. Brunton that the small amount of beer drunk in Edinburgh might lessen the liability 
to fatty degeneration of the heart and might haye something to do with the difference in the 
mortality. The Committee of the British Medical Association in Glasgow found that chloroform 
sometimes paralysed the heart, and that this might happen in an unforeseen way which could 
not be prevented, The experiments of the Commission were directed towards determining 
the action of chloroform upon the heart, and careful tracings of blood-pressure were taken, 
An ordinary manometric apparatus was used, the carotid of the animal under chloroform being 
exposed in the usual way, the distal end being tied and the proximal connected with a 
merourial manometer ; the tube between the mercury and the manometer being filled with solu- 
Hon of bicarbonate of sodium. Instead of using a quick recording drum, witiah would give an 
ammnensely, long tracing, a slow drum was used reyolying only once in half an hace This, 
though it recorded the effect of respiration only, showed nevertheless sufficient for cacti 
He But in order to register any particularly interesting variations found on the slow 
zon with Pe GOCUTBOYs the glass tube connecting the artery with the manometer was 
furnished with a branch, and this led to a second manometer and ick dr With 
Heb appataiis, by imply shiftin sis z and a quick drum. i 
py g a clamp, a “Sample,” so to speak, of the cardiac action 
could be taken on the quick drum at any interesti ‘a , inorti 
Beak a mab any ini eresting moment, To avoid errors from inertia 
4 quick drum was worked in connection with a Fick’s manometer, Th t th 
ifference between chlorofo : ne pee They foun 
: rm and ether, so far as their effects on blood-pressure was 
concerned, was just what Claude Bernard had pointed out ae i 
similar manner, but that chloroform was the e ats ieee ae 
the Sressnte sank comparatively eA e more powerful of the two, Under chloroform 
piration it gradually roso again. If Hie ee pases ed a: nlgtion of artificial ie 
artificial respiration produced a similar isnt there was a much slower fall of pressure; and 
rise. If air strongly charged with chloroform were 








_canula in the trachea, artificial respiration were bei 


207 


used, a sudden full of RYOKSUIS wos observed, It then behoved them to inquire how deaths 
during the administ ration of chloroform were likely to occur, and how they were to be pre- 
vented. They investigated tho direst action of chloroform upon the heart, It was well known 
that if chloroform ‘were injected into ordinary striated muscle it became hard like a board, but 
they found that injection of chloroform into the veins did not produce a distinct action on the 
cardiac muscle fibre,—at any rate, not in anything like the degree they had anticipated, The 
injection of both chloroform and ether into the veins was found to lower the blood-pressure, 
but ether had a less effect than chloroform. It was found, however, that ether usually caused 
clotting of blood inthe heart, and thus led to a fatal result, When ether and chloroform were 
injected into the trachea they both produced a rapid fall of blood-pressure, It should be 
remembered, howeyer, that the action of chloroform in these two ways,—by injection into the 
yeins and into the trachea,—represented its toxic rather than its therapeutic effects, If the 
yapour of chloroform were driven into the trachea after the stoppage of respiration, the heart 
became paralysed ; but when administered by simple inhalation alone, when the respiration 
stopped an excess of chloroform was prevented from getting into the circulation, and the heart 
in that case was not paralysed. But there were certain points about the matter which required 
fuller consideration, An animal dying from paralysis of respiration might, after the stoppage 
of regular breathing, make one or two violent gasps, and these might bring in enough chloro- 
form to stop the heart’s action, There was some risk of this happening, but this risk only 
oceurred if the chloroform vapour was drawn in when the animal was in a state of asphyxia. 
A tracing taken from an animal in this condition was found to be identical with one produced 
hy the Committee of the British Medical Association, There was a drop in the respiratory 
curve, followed by slow action of the pulse, and then a gradual rise again, This slow pulse 
was due to yagus irritation, and such a tracing could be made at will by inducing simple 
asphyxia, either by closing the dog’s nostrils, or, if a canula were in the trachea, by stopping 
the end of the canula, or by making the dog breathe pure carbonic acid gas, Such a condi- 
tion was never produced by the administration of chloroform with plenty of air, but it always 
oceurred during accidental asphyxia, Dr. Brunton had been much puzzled as to how the 
Glasgow Committee had produced this tracing, and he suggested an explanation. Tf, with a 
ng performed, a small quantity of blood 
might ran down into the bronchi and clot, It might there form a yalyular plug, and by 
ent asphyxia and give rise to such a tracing, 


moying up and down produce an intermitt 5 
Several experiments were tried on the effect of shock, but no marked symptom of that condi- 
n done without ether or 


tion could be produced, It was true that no experiments had_ bee: 
chloroform, but they concluded that such experiments were not only painful but unnecessary. 
They first put an animal under chloroform and extracted several teeth, ine no symptom of 
shock followed ; they then tried laying hold of the skin of the anus and pulling and es 
it, imitating operation for piles, but with no result, ‘The abdomen was then oe K ani a 
Piece of intestine pulled out and ligatured a blow was struck upon the testicles aR se — 
was coming round, but the effects were not so marked as would have: been imagined, to 
ht there was a distinct fall in blood-pressure, which 

as resumed 3 elevation of the legs was found to 


position, when the animal was put uprig 
became normal when the horizontal posture Ww 
Rk cht position, striking the abdomen or extract 


raise the pressure, With the animal in the upt, 


























ine teeth produced no shock. ‘The effects of dress were tried on female monkeys ; 2 plaster. 
Sa jacket was put on to imitate stays, and a tight bandage round the abdomen to resemble 
~ the band of a petticoat. Under both these disadvantages the setenale seemed to die very 
quickly indeed. Phosphorus was administered to induce fatty cegesiarsiion, and in some the 
heart seemed to stop mote quickly than in healthy animals, but the effects were not marked, 
Their main conclusions were that chloroform arid ether acted in the same way, both paralysing 
the respiratory centre before the heart; if pushed : 
be paralysed, Chloroform was more potent than other, which latter cou d not be used in very hot 
countries, and the chloroform should be given with plenty of air, for suffocation and chloroform 
formed a deadly combination. The deaths from chloroform were due to asphyzia and resulted 
from imperfect observation of the respiration. During the prosecution of the research they. 
had a Jarge number of accidental deaths, but all these ‘were due to inattention to the respira 
tory condition, The pulse did not begin to fail till after the respiration, and if the respiration 
were not attended to till after the pulse had failed it was probably too late. Lf attempts were 
made to pay attention to both the respiration and the pulse, neither perhaps would be observed 
well, and hence it was advisable to keep the attention fixed on the respiration alone, Dr, 
Brunton concluded by saying that we owed a great deal to the Nizam, who not only caused the. 
research to be undertaken, but had generously consented to publish it, so that a complete set of 
the photographic tracings would be presented to all the principal medical libraries in the world, 


after the respiration had ceased, the heart would 


Tn the discussion which followed, Mr. Bailey dealt with the clinical side only. In the 
early days of chloroform he thought it was administered as well in London as in the north, 
but many deaths occurred which were considered to be due to failure of cardiac action. The 
plan of administering nitrous oxide before ether did away with its disadvantages, and as 
perfect an anmsthesia could be obtained with ether as with chloroform, and the death-rate 
from the former was smaller, He found it quite easy to watch not only the respiration, but 
also the pulse and the pupil, and the latter, he thought, gaye most valuable indications as to 

_ the patient's condition, 

Mr, Braine said that in fatal cases under chloroform the patient would be going of 

well, then a little more chloroform would be given, when a pallor of the cheeks would be 


_ noticed and no pulse would be felt, though the patient breathed on. He thought that one case” 


so observed in the human being was more valuable than thousands of experiments on animals, 


Dr. Sansom agreed that it was most valuable to have these experiments on hlood- 
pressure reduced to manometric certainty, The question was what were the teachings of 
experiments on animals, and how did they bear on the practice of the present day ? 
Years ago careful experiments were performed both in England and abroad, which led to the 
same conclusions that the Hyderabad Commission had shown more elaborately, namely, that the 
heart in animals was an ultimum moriens, But animals varied yery much in their reactions 
to anmstheties eyen in the same species, and he thought that we could not argue direct from 
animals to man, whom the influence of emotion placed in an entirely different category. While 
there was a fair amount of uniformity in the necropsy records from animals, in man this was 
‘not so, for in some cases all chambers of the heart were found full of blood, which pointed 
strongly to the idea that death took place from paralysis of the heart rather than of the 
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respiration. His general conclusion was that, though experiments were yaluablé, they ought 
not to be accepted as solving the question, and while practical anmsthotists yalued theso 
experiments at their proper worth, they could not prevent tho possibility of syncope occurring. 


Mr. Carter referred to a case which occurred years ago when he was giving an 
anesthetic, and the patient died, He could not remember the state of her respiration, but saw 
nothing to arouse suspicion till he noticed the pallor of the countenance, His own opinion 
was strongly in favor of chloroform as opposed to ether for ophthalmic operations, Bther was 


attended by more struggling and consequent yenous congestion, and the liability tohwmorrhage 
from the choroid was therefore greater, 


Dr. Routh advocated the use of methylene as an anesthetic, He had seen apparent 
death follow the administration of an anmsthetic in six cases ; in all the respiration seemed to 
fail as much as the pulse, and they were all restored by turning them topsy-turvy. Ho had 
likewise seen a fatal case from ether administration, He thought that an apparatus for the 
registration of chest moyements would be valuable, 


Dr. Day had administered methylene 1300 times without an accident. He had given 
it in cases of weak and dilated heart and in mitral stenosis without bad effect. He quoted 
from Sir Spencer Wells’s work to illustrate its value, 


Dr. Hewitt had never known respiration to fail while the pulse was good or fair at the 
wrist, and he had seen two or three cases in which the pulse had given the first sign of danger. 


Dr. Brunton, in reply, said that there were certain differences of opinion as to the 
relative advantages of chloroform and ether. He had found the respiration stop in animals. 
when the pulse was quite good at what corresponded to the wrist. Their experiments with 
ether were done under difficulties owing to the high temperature in Hyderabad ; they had 
almost to cut off the air before they got anesthesia with ether. After poisoning from much 
diluted chloroform there was a great difficulty in bringing the animal round, but there was 
not this difficulty with a stronger dose ; the reason was that in the former case it was difficult 
to say when the animal had stopped breathing, He felt sure that the truth about the question 
would come out later when the whole investigation was published, and when others would 
haye an equal opportunity with themselves of studying the work that had been done. 





ANNOTATION FROM THE LANCET, Fesrvary Lbrn, 1890. 


Dr, Lander Brunton delivered a very interesting address on his work at Hyderabad at 
the Medical Society on Monday evening, Describing the methods he employed, now pretty 
familiar to those who haye pursued physiological research, he passed round a number of tracings 
illustrative of the fall of blood-pressure under chloroform, &c. Dr. Brunton reiterated in the 
main the conclusions which have already appeared in our columns, bat supplemented them by 
details of work which could hardly find a place in the formal report, The discussion to which 
Dr, Brunton’s singularly lucid descriptions gave rise tended to indicate conclusions not 
altogether in harmony with the Hyderabad Commission’s results. While admitting the force 
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‘of Dr, Brunton’s arguments as applied i 
Pesiot tho extension of conclusions from the lower animals to man, unless positive evidenca 


of uniformity of behaviour of chloroform towards men and beasts were addueible, Tt aa 
further pointed out that the evidence produced was, so for as the action cane drug upon the 
heart went, wholly negative, and that the clinical observations of Snow, Clover, and livin 
anmsthetists were opposed to the Commission’s contention that chloroform kills through tho 


failure of respiration, and not by primary heart failure, While conceding the obvious and 
great value of experiments made upon the lower animals to. elucidate conditions prevailing in 
man, one of the speakers pointed out that considerable divergence in reaction towards 
chloroform existed in them, and this was an additional reason for not relying too much in the 
present discussion upon the negative evidence Dr. Branton adyanced. None will seek to 
diminish the great yalue, both scientifically and practically, of Dr. Brunton’s painstaking 
researches, and it must be accepted as a sign of respect to him that so eager and lively a 
discussion was elicited by his description of his part in the work of the Hyderabad 


Chloroform Commission. 


LETTER FROM Dr. DUDLEY BUXTON. 


To rum Eprrors or “Tar Lancer.” 


Sins,—The publication of the report of the Second Hyderabad Chloroform Commission 
and Dr. Lauder Brunton’s explanatory remarks giyen to the Medical Society afford very 
many points for careful study, It is unnecessary for me to dwell upon the debt we owe to 
Surgeon-Major Lawrie, to the public-spirited Nizam of Hyderabad, or to Dr, Brunton and the 
other members of the Commission, Dr. Brunton’s work has always been so good, so thorough, 
and so earnest that I believe all who are interested in this most important question—Can 
chloroform be given safely, if given properly ?—looked forward with the utmost interest to the 
feast of reason which he, alike with the other members of the Commission, was to place before 
us. Now that we haye got it, are we happy? Dispassionate candour compels me to reply that 
T at least have been carried no farther, although setting main issues aside, I would add no one 
can read the suggestive report without gleaning much that is valuable and much that is instrue- 
tive. Of the many points inyolved, I can craye your indulgence for reference only to 
a few. In the first place, I find no attempt is made to bridge over the great hiatus betwixt 
experiment upon the lower animals and the daily experiments made on man, Possibly this 
isto come, Again, I am disappointed to learn no authoritative statement as to whether dogs, 
monkeys, &c, are liable to syncope under any conditions ; personally, I believe if they 
are £0 ie wees eng must be most rare. Comparing the statements concerning the lower 
Ns oieineyrmos human beings, a wide discrepancy occurs; 
Pes PaAs hocsitel x eestin ie record in the note book of every observant ann 
either to primary fee se Be is large ; nor can, the bulk of such cases be atlas 
i isy annount f Spiration or earolbss administration, No doubt maladministra 

‘or some deaths under chloroform, but not all, since such fatalities have 0% 


curred under the skilled hands of men whose knowled, 


4 ge and experience were great and whose 


to the lower animals, the practical ansesthetists present a 
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reputation was at stake, Again, wo have long acknowledged the danger of death from 
asphyxia oocummn during chloroformisation, and Snow pointed ont long ago how over-dosaga 
would, by paralysing the medullary centres, bring about death ; but our experience—and. it 
must be conceded that a daily round of experiment and observation made upon human beings 
and sondnoted through many years gives practical anzesthetists a right to a moderately authori- 
tative judgment in the matter—repeated again and again, tells us that in a certain number of 
persons the pulse flags, loses tension, and fails, eyen though respiration remains unimpaired 
until with cardiac failure respiratory rhythm ceases, That deaths occur in the initial stage of 
chloroform inhalation is commonly reported ; but if it be contended that such arise from fear, 
as in the oft-quoted case of Simpson, confusion becomes worse confounded, for patients exposed 
to the same terrors from nitrous oxide gas, which has been administered many millions of 
times, and from ether, do not die in the same way ; so that we are forced to believe chloro- 
form, however it does it, does kill in a way peculiar to itself, which no forethought can antici- 
pate and no care or skill can obyiate, Again, we must remember that temperature has much 
to say to shock and heart failure, and it may not be irrelevant to suggest that the Tropics in 
this way may contrast favourably with temperate zones, Dealing with the comparative safety 
of chloroform and ether, I think we may be pardoned if we decline to accept as proven the 
conclusions arrived at by the Hyderabad Commission. In the first place Dr. Brunton told us 
secondly, that in the climate of India it is impossible to obtain 
anesthesia by ether and maintain it unless air be so rigidly excluded that suffocation occurs. 
Under such circumstances, ether is no doubt a deadly anesthetic. In temperate countries 
ether is not given in this way, and no asphyxial phenomena are present. To describe 
ether narcosis as semi-anesthesia is to prove that the modern methods of giving ether 
are unknown to the writers, and to invalidate their strictures upon that safe and most 
valuable anesthetic. In conclusion, I would add that the experiment undertaken by the 
Commission to elucidate shock under anzsthesia is again totally opposed to our clinical expe- 
rience, Were the conclusions advanced to be accepted by us, we should find it hard to explain 
the fluctuations in the pulse, the differences in respiratory rhythm which occur in laparotomies 
when the intestines are handled, the pedicle of an oyarian cyst is dragged upon, or a bladder 


that his ether was impure ; 


is seized and held while punctured in suprapubic cystotomy. The division into “ chloroform- 
ists” and “ etherists” is irrational and harmful ; every anssthetist learns sooner or later that 
eyery case is sui generis and a law to itself, and for each must he decide between not only 
chloroform and ether but between them and the many other methods of mixed narcosis with 
which we are now familiar. Without fear or dread must he be prepared to give one or the 
othor anmsthetic, but he must be keenly alive to all the possible contingencies of each, and 
not liye in a fool’s paradise that if he only obeys certain rules and directions he and his patient 
are safe and he may administer his anwsthetic “ with perfect ease and absolute safety so as to 
do good without the risk of evil.” 


T am, Sirs, yours, faithfully, 
DUDLEY W. BUXTON, 
Anesthetist to University College Hospital. 
Mortimer-Street, W., Feb, 1890, 

























LETTER FROM Dr. SHAND. 


To THe Eprrors or “THR LANoer,” 








Sins,—This being a most important subject, I feel morally called on, as one who has 
had nearly fifty years’ experience in practice, to express my dissont from two at least of thy 
eonelusions arrived at by the CGhloroform Commission, I may premise that I used ethor first 
with satisfaction till chloroform appeared, and saw it extensively employed in 1848 on the 
wounded from the various engagements on the advance of the Prussian troops to tho relief g 
Radstadt and the restoration of the Grand Duke of Baden, So that I was the first Bnglish 
doctor (and from Scotland too) who saw chloroform used in gunshot wounds. With rogard 
to the second conclusion, namely, the necessity of recumbent position in inhaling chloroform, 
T heg to state that two of my most satisfactory operations were performed many years ago 
under chloroform in the sitting position. One was a gunshot wound of the right hand, which 
so smashed all the metacarpal bones that it was only possible to preserve the thumb and fore- 
finger. The gentleman is in London at present, and could exhibit the claw, as he terms it, with 
which he writes and shoots as of old. I saw him soon after the accident, and with the assist- 
ance of a butler placed him in an arm-chair, chloroformed him, and performed the operation, 
Tho second was a case of incarcerated inguinal hernia of the left side. I fixed the patient in 
a chair with the counterpane of his bed and gave him the chloroform, while I sat on a chair 

facing him close to the window with my back to the light. The cure was rapid and perfect, 
and the patient required no truss. He was well in four weeks or less. I give you these 
two cases in respect to position. A large percentage of people respire more freely in that 
position than in the recumbent one ; and although I do not think the heart’s action is to be 
neglected, yet even for its benefit the respiration is the key. My experience of pure alcoholic 
chloroform, administered by an expert, is that it is the most manageable, safe, and effective of t 
anesthetics, although I quite agree with Sir Spencer Wells, that, provided the administrator | 


is an expert in his own choice, any of at least three will answer equally well. The next 

material point is as to administering morphia, either hypodermically or otherwise, before chloro- 

form, A dose of morphia often appears harmless, and obtains a good response. I have extract 

ed a pebble from the hip, the patient resting on his face in bed, and succeeded well enough, 

though, as might be anticipated, I had to restore respiration in the middle of the operation by 

ae of the ribs at an open window. I have administered sufficient chloroform several 
es to keep the patient asleep for about twenty-four hours right off, and without accident. 


ee ae yaiens Na shove T notice that one of your correspondents mentions 10 

side during the inhalation . ete one of which is the advantage of placing the head on one 

Recut also nerd of the drug, to allow the saliya to flow out of the corner of the 

arrangement I haye fi prevents the falling back of the tongue over the epiglottis. This 
ve frequently alluded to and acted upon with satisfactory results. 


I remain, Sirs, yours faithfully. 


Edinburgh, January, 1890, JOHN SHAND, m.b., F.R.0.P. Bp. 
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LETTER FROM Mr. EWEN J. MACLEAN. 


To Tan Eprrors or “THe Lancer,” 





j Sins,—The following notes of a case in one’s experience of the use of chloroform may 
be of interest at the present time. J.G — , aged fifty-nine, army pensioner ; has seen a good 
deal of {preigo service ; had malaria. Operation by colleague: evulsion of the right great 
toe-nail. Patient had been low-spirited for some time, Bowels regular, Had no food for 
four hours previously to operation. Chloroform administered by myself on an ordinary soft 
bed-room towel, folded cone fashion, after the heart had been examined as a matter of form and 
found normal. The head was kept low. It was a considerable time before the anmsthetie 

ok any visible effect, and the patient was very quiet both in speech and movement and took 
deep breaths freely. Somewhat marked congestion of the external jugular and temporal yeins 
was noted, Three times the operator tested the seat of operation after the conjunctival reflex 
appeared abolished and muscular relaxation present, but found sensibility to pain still retained, 
The fourth time, however, there was no response, and the operation was proceeded with, In 
the course of five ‘minutes or so, when the toe was being sponged, while the pulse remained 
steady, thongh a trifle rapid, the breathing became quicker and somewhat shallow. ‘The 
administration of chloroform was at once stopped and the cloth put away to a safe distance. 
The breathing, however, became increasingly shallow and soon stopped entirely, In the mean 
time the lips and face generally had become distressingly livid and the pupils widely dilated. 
The pulse, howeyer, kept going, though its character or frequency cannot he reliably noted 
from the fact that artificial respiration was at once resorted to, Silvester’s method was 
employed, the tongue being drawn forwards with forceps by my colleague. The windows of 
the room were widely opened to admit air freely. After about two minutes of this treatment 
the artificial respiration was stopped, to see if auto-respiration would be re-established, but. still 
no breathing, There was no time to examine the characters of the heart or pulse, Cold water 
was next dashed in abundance over the chest and throat, and this undoubtedly effected the 
turning point in the case, as, after a few more passes of tho Silvester method, auto-respiration 
returned—at first very shallow, but rapidly improving. The recoyery seemed accelerated by 
the application of flannels wrung out of boiling water to the pracordia, The patient was next 
got comfortably into bed with hot-water bottles to feet and flanks and brandy and ether were 
administered. He recovered without any apparent ill-effects, and next day, when told of our 
to his welfare on the previous day, stated that it was the seventh time in his varied 


anxiety as 
This case, amongst other things, impresses on 


experiences he had narrowly escaped with his life. 
one :—(1) The necessity of watching with special care those cases where anesthesia is difficult 
to establish, (2) The importance of noting the character and frequency of the respiration, (8) 
The fact that chloroform paralyses the respiratory before the cardiac centre. (4) The yalue in 
these cases of Silyester’s methods of artificial respiration, (6) The great value of cold-water 
affusion in recovering auto-respiration. (6) The moral duty of being thoroughly well acquaint- 
ed with the treatment of emergencies incident to chloroform administration. 


Tam, Sirs, yours very truly, 
EWEN J, MACLEAN, ™.n. 
Bristol, February 1890. 
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LETTER FROM Dr. SHAND. 
LETTER FROM Mr. EWEN J. MACLEAN. 


To tHe Epirors or “Tae Lancet,” 





To THR Eprrors or “THE LANCET.” 











Sins,—This being a most important subject, 1 feel morally called on, as one who has 
had nearly fifty years’ experience in practice, to express my dissent from two at least of the 
conclusions arrived at by the Chloroform Commission. I may premise that I used ether first 
with satisfaction till chloroform appeared, and saw it extensively employed in 1848 on tho 
wounded from the various engagements on the advance of the Prussian troops to the relief 9 
Radstadt and the restoration of the Grand Duke of Baden, So that I was the first English 
doctor (and from Scotland too) who saw chloroform used in gunshot wounds. With regard 
to the second conclusion, namely, the necessity of recumbent position in inhaling chloroform, 
T beg to state that two of my most satisfactory operations were performed many years ago 
under chloroform in the sitting position, One was a gunshot wound of the right hand, which 
go smashed all the metacarpal bones that it was only possible to preserve the thumb and fore. 
finger. ‘The gentleman is in London at present, and could exhibit the claw, as he terms it, with 
which he writes and shoots as of old. I saw him soon after the accident, and with the assist. 
ance of a butler placed him in an arm-chair, chloroformed him, and performed the operation, 

The second was a case of incarcerated inguinal hernia of the left side. I fixed the patient in 
ue chair wath the ee uieet pane Ws his bed and gave him the HO while T fae on a chair time the lips and face generally had become distressingly livid and the pupils widely dilated, 
facing him tlle to the window with my back to the light. The cure was rapid and perfect, ; The pulse, however, kept going, though its character or freqnency cannot be reliably noted 
NC eel Hp ‘was ‘well’ in four weeks or less, I give you tia j from the fact that artificial respiration was at once resorted to, Silvester’s method was 


employed, the tongue being drawn forwards with forceps by my colleague. The windows of 


Sirs,—The following notes of a case in one’s experience of the use of chloroform may 
be of interest at the present time. J.G@ — , aged fifty-nine, army pensioner ; has seen a good 
deal of foreign service; had malaria. Operation by colleague: evulsion of the right great 
toe-nail. Patient had been low-spirited for some time, Bowels regular, Had no food for 
four hours previously to operation, Chloroform administered by myself on an ordinary soft 
bed-room towel, folded cone fashion, after the heart had been examined as amatter of form and 
found normal. The head was kept low. It was a considerable time before the ansthetic 
ok any visible effect, and the patient was very quiet both in speech and moyement and took 
deep breaths freely. Somewhat marked congestion of the external jugular and temporal yeins 
was noted, Three times the operator tested the seat of operation after the conjunctival reflex 
appeared abolished and muscular relaxation present, but found sensibility to pain still retained, 
The fourth time, however, there was no response, and the operation was proceeded with, In 
the course of five minutes or so, when the too was being sponged, while the pulse remained 
steady, though a trifle rapid, the breathing became quicker and somewhat shallow. The 
administration of chloroform was at once stopped and the cloth put away to a safe distance. 
The breathing, however, became increasingly shallow and soon stopped entirely. In the mean 


two cases in respect to position. A large percentage of people respire more freely in that 


position than in the recumbent one ; and although I do not think the heart’s action is to be i the room were widely opened to admit air freely. After about two minutes of this treatment 
neglected, yet even for its benefit the respiration is the key. My experience of pure aleoholie the artificial respiration was stopped, to see if auto-respiration syould be re-established, but still 
chloroform, administered by an expert, is that it is the most manageable, safe, and effective of no breathing, ‘There was no time to examine ihe characters of the heart or pulse, Cold water 
angsthetics, although I quite agree with Sir Spencer Wells, that, provided the administrator was next Aero in abundance over the chest and throat, and this undoubtedly effected the 
is an expert in his own choice, any of at least three will answer equally well, The next turning point in the case, as, after a few more passes of the Silvester method, auto-respiration 
material point is as to administering morphia, either hypodermically or otherwise, before chloro- Rie a ot first very shallow, but rapidly improving. The recovery seemed accelerated by 
form, A dose of morphia often appears harmless, and obtains a good response. I have extract: the application of flannels wrung out of boiling water to the precordia, ‘The patient was next 
ed a pebble from tho hip, the patient resting on his face in bed, and succeeded well enough, got comfortably into bed with hot-water bottles to feet and flanks and brandy and ether were 


administered. He recovered without any apparent {ll-effects, and next day, when told of our 
stated that it was the seventh time in his varied 
experiences he had narrowly escaped with his life. This case, amongst other things, impresses on 
one :—(1) Tho necessity of watching with special care those cases where anesthesia is difficult: 
to establish, (2) The importance of noting the character and frequency of the respiration. @) 
The fact that chloroform paralyses the respiratory before the cardiac centre. (4) The value in 
these cases of Silvester’s methods of artificial respiration. (5) The great value of cold-water 
affusion in recovering auto-respiration, (6) The moral duty of being thoroughly well acquaint- 
ed with the treatment of emergencies incident to chloroform administration. 


though, as might be anticipated, I had to restore respiration in the middle of the operation by 
pressure of the ribs at an open window, I have administered sufficient chloroform soyeral 


ti ‘ anxiety as to his welfare on the previous day, 
mes to keep the patient asleep for about twenty-four hours right off, and without accident. 


, P.S.—Since writing the aboye I notice that one of your correspondents mentions two 

‘porta paints es tps week's issue, one of which is the advantage of placing the head on one 

es ae up Sabalation- of the drug, to allow the saliva to flow out of the corner of the 

SoM ee ee almost prevents the falling back of the tongue oyer the epiglottis. ‘This 
ponent ve frequently alluded to and acted upon with satisfactory results. 





Tam, Sirs, yours very truly, 
EWEN J, MACLEAN, mz. 


T remain, Sirs, yours faithfully. 


Hdinburgh, January, 1890, JOHN SHAND, w.p., ¥.t..P BD. Bristol, February 1890. 

















LETTER FROM THE GLASGOW CHLOROFORM COMMITTEE, 


To tHe Eprrors or “THe LANcet,” 


Sms,—The Hyderabad Report, which appeared in “ The Lancet” of January 18th nat 
rally attracted our attention and called for remark, especially as it seemed to traverse carta . 
our conclusions. On carefully reading the report, it appeared to us that, so far as the facts if 
concerned, it generally confirmed our own obseryations as to the action of chloroform both a 


respiration and on the heart, Some of the inferences, however, are opposed to ours ; but the 

are also opposed, as we belieye, to the facts stated in the report itself. We therefore ie 
BR ZA y 80 

to criticise the report, and we would have done so immediately after its publication but for _ 


request communicated to us that we should wait for the publication of the tracings on which 
gs ch 


the report is largely based. We at once agreed to postpone our remarks,* and only make this 


communication lest our silence should be misinterpreted, 


We are, Sirs, yours faithfully, 
JOHN G. McKENDRICK, 
JOSEPH COATS, 

DAVID NEWMAN, 


LETTER FROM Mr. FREDERIC HEWITT, 
To roe Eprrors or “Tur Lancer,” 


ae "ea wishing that space would permit me to express my keen appreciation 
0! a ce eg lone by the Commission, I feel that, as there is so much to be said on this important 
subject, I must at once proceed to the consideration of the questions at issue 


nt r q eet re 
Pes he eee I would ask what is the true yalue of the physiological fact that, when 
isa fared 3 ‘ : \ gical fact that, 
action ? Haye we & A loses to the lower animals, respiration ceases before cardiag 
y clinical evidence to prove that, under similar circumstances, this sequence 


of eyents is not met with in human beings ? mM if not i 0 » rapidly fatal cases 
ti In most, if pidly i 
g} a nall, of the CASeS 


R as, for obyious reasons, been a m , 
ty . aSOn5, atter of extreme 
difficulty to say at what particular moment the heart ceased to beat, ee 


ofte: Failure of the pulse has 
sin ben iaken fo mean stoppage ofthe how, but without sufi’ grounds, It we 
Mrerra io ilion conduotin foe upon human beings with that accuracy which is 
that, when chloroform ee Eason upon lower animals, I should not be surprised to Tear 
of events as that observed by th sorely by reason of its toxic properties, the same sequence 
ledge concerning the Cit e ata Commission invariably occurs. But our know- 
observations on the pulse @ heart under anzsthetics is almost entirely dependent upon 


3 and it would see: i 
— m that confusion has frequently arisen in conse 
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tracin, i x ement the Glas; mimi i 
8 on myilch the report is largely based" Committee published their remarks one week before “ the publication of the 
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which the Commission has laid so much stress, 
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quence of failure of the pulse having been taken to mean that the heart has “suddenly ceased.” 
Tam here only referring to those cases in which chloroform itself would seem to haye been the 
cause of death ; and in such cases, which are usually rapid in their course, I do not think the 
clinical evidence we possess is sufficient to disproye the contentions of the Commission. But 
this, I submit, is the least important part of the subject. Hyen though we admit the fact that, 
when chloroform itself is the direct cause of death, respiration ceases before the action of the 





heart, we are confronted by a question which seems to me far more important than that upon 
When fatalities occur during the administra- 
tion of chloroform, are those fatalities invariably caused by the direct toxic effects of the drug? 
Tn other words, haye we not conclusive evidence to show that, in man, deaths under chloro- 
form sometimes arise by reflex cardiac failure which is only indirectly due to the anzsthetic ? 
T cannot regard the experiments of the Commission in this direction as rendering such a posi- 
tion untenable ; for cases have come under my own observation in which symptoms of cardiac 
depression obyiously of reflex origin have arisen, Whether it be the low vascular tension of 
chloroform narcosis or other conditions I know not ; but L feel sure that there is something 
that venders the human heart under chloroform susceptible to impulses which are utterly inopera- 
tive under ether, I am inclined to the belief that the performance of many operations under 
chloroform is attended by considerable risk from this quarter ; and Lam by no means satisfied 
that cardiac inhibition is less likely to be produced during profound than during imperfect: 
anesthesia under chloroform, Not long ago I administered chloroform, by means of Junker’s 
apparatus, to a patient of about thirty-five years of age, whose general health was good. Anies- 
thesia was produced in from eight to ten minutes, and was characterised by muscular flaccidity 
abolition of lid-reflex, and slight stertor. There were two stag! 





s in the operation about to be 
performed, the first of which consisted in placing a temporary ligature round the carotid artery 
in the neck, Whilst the artery was being exposed for this purpose the pulse became extremely 
fecble, the face pale, and respiration shallow, and the operator had some difficulty in recognis- 
ing the carotid artery by reason of its extraordinary diminution in size, The head was lowered. 
After three or four compressions of the chest the pulse improyed, and, as rigidity and lid-reflex 
soon reappeared, I was obliged to continue the administration, having recourse to ether for the 
remainder of the operation, which was successfully performed, The day after the operation, 





whilst the wound oyer the carotid was being examined, the patient’s face suddenly became 
pale, the artery contracted as on the previous occasion, the eyes were observed to turn upwards 
and the muscles of the jaw to twitch, and for a few seconds unconsciousness was present. Now 
in this case, when the first attack of syncope occurred, the patient was thoroughly anesthetised 
by chloroform ; whilst the quick return of muscular rigidity and of lid-reflex proves that the 
anesthetic was in no way to blame as a direct cause ofthe symptoms. Cases of this kind are, I 
believe, by no means uncommon, and they would seem to point to the conclusion that reflex syn- 
cope may undoubtedly arise under chloroform eyen when the anesthesia is profound, Apart 
from anesthetics, some persons are, as is well known, more prone to syneope than others, and 
this would seem to be so with regard to patients under chloroform. How can we compare the 
patient above referred to, to the pariah dog ? Would the latter be likely to be attacked with 
syncope by manipulating its carotid? 1 gather from the report of the Commission that 
syncope, should it arise, is a safeguard against chloroform poisoning rather than a condition 











are 


involving much danger to life : but we cannot look upon it in this light when we meet with q 
upon the operating table. 


In conclusion, I would say a few words concerning the indications afforded by the pulse 

during chloroform administration, There is much evidence to show that, in whatever way 
death occurs during chloroform narcosis, the pulse, if carefully watched, usually gives warning 
of the approach of danger before respiration has become seriously affected, In thoso cases Fe 
which cardiac depression is only indirectly due to the chloroform—such, for example, as tho 
case I have related—the initial symptoms are obviously cardiac in origin, and are hence to be 
detected by alteration in the force and frequency of the pulse, In those cases, too, in which 
the symptoms are indisputably due to an overdose of chloroform—such, for example, as tho cases 
reported by the Commission—the pulse will, in obedience to the fall of vascular tension (which, 
as the Commission admits, precedes stoppage of respiration), give indications of the most 
important character. If the Commission could proye that, when chloroform is administered in 
toxic doses, respiration invariably ceases whilst the radial pulse is practically unaltered in qua- 
lity, we should begin to look upon chloroform as a respiratory poison only ; but these are not 
the facts, so far as I understand, I cannot avoid the conviction that the Hyderabad Commis- 
sion have incurred a graye responsibility in eulogising chloroform as an anesthetic for general 
purposes, and in recommending administrators to disregard the indications afforded by the pulse, 
As I have before ventured to point out in these columns, we should consider the inexperienced 
rather than the experienced in recommending an anzsthetic. I have lately read the records of 
every fatal case reported by “* The Lancet” and * British Medical Journal” as having occurred 
under anmsthetics in the British Isles from 1880 to 1889 inclusive, and I find that out of a 
total of 130 chloroform deaths no less than fifty-four took place in connection with minor sur 
gical operations, most of which were doubtless conducted with somewhat less caution than 
would haye been employed in more critical cases, Are we to advise the use of chloroform 
(which Dr, Lauder Brunton admits to be a most powerful drug) to recently qualified men, who 
haye perhaps never employed it before ? I confess I cannot regard it as advisable to permit 
those with but little experience to administer chloroform to patients coming into the surgeries 
of hospitals with a dislocated shoulder or a lacerated finger, yet this course is one which the 
Commission appear to countenance, Even though we accept the facts so ably put before us by 
the Hyderabad Commission, we are, I would submit, in no way justified in agreeing with the 
practical conclusions at which the Commission haye arrived, ‘ s 


T am, Sirs, yours obediently, 
FREDERIC HEWITT, 
Instructor in and Lecturer on Anzsthetics 


at the London Hospital, &es 
George-Strect Hanover-Square, W., Feb, 24th, 1890, 





[10 is to be observed 4] i 
hat when the pulse failed Mr, Hewitt employed artificial respiration to restore it.] 
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LETTER FROM Dr. CHARLES E, SHEPPARD. 
To tHE Eprrors or “Tae Lancer,” 


Sins,—The importance of the issues at stake seems to render it incumbent upon eyery- 
one who has special opportunities for observing the action of anesthetic agents to record his 
opinion concerning the results of the Hyderabad Commission. Many of the conclusions arrived 
at are of the utmost importance, and our best thanks are due to the Commission for bringing 
these prominently under notice, I allude more particularly to the influence of asphyxial con- 
ditions, the previous exhibition of certain drugs, hemorrhage in considerable degree, and the 
position of the animal anwsthetised. On the other hand, there are many points for the final 
settlement of which we had all looked forward with the greatest interest to the experiments of 
the Commission, but in which we are, if anything, in a more uncertain position than before. 


In tho first place, it is unfortunate that all the evidence as regards the occurrence of 
primary syncope is negative, and one cannot help feeling that, even were the instances con- 
siderably multiplied, there still would be no certainty that the next experiment might not prove 
the exception to the rule. And if we are not justified in arriving at a dogmatic conclusion in the 
case of the lower animals, how much less are we warranted in applying the same conclusion to 
the human subject. The records of clinical experience, in fact, stand confronted with the re- 
sults of laboratory experiment, and I think that every one will allow more weight to one positive 
instance occurring in the former than even to thousands of negative instances in tho latter. It 
is well known that many of the cases which haye suddenly terminated fatally, or shown signs 
of serious cardiac failure during the administration of chloroform, come under a certain cate- 
gory, including forcible dilatation of the sphincter ani and other operations which I need not 
here specify. Other fatal results have occurred during the performance of trivial operations 
where the action of chloroform has admittedly not been carried to complete narcosis. Now, 
although there may be some difficulty in attributing the precise causo in each individual case, 
whether an overdose of the drug suddenly applied in order to check moyement, or whether a 
reflex inhibition of the heart in consequence of incomplete anssthesia, there can be no doubt 
as to the symptoms observed, viz., sudden pallor and failure of pulse, almost coincident with 
the commencement of operation, and in many cases absolute failure of all means of resuscita- 
tion, although promptly applied. Now, on referring to the experiments made upon the lower 
animals in this connection, we find that, although all the operations associated with shoek 
and cardiac failure were performed in all stages of chloroform administration, yet there 
variation in blood-pressure to indicate anything approach-. 
ing syncope or cardiac failure. yidently, therefore, in this matter we stand face to face with a 
n the conditions as oceurring in the human subject and im the lower 
lconclusions deduced from the experiments 





was nothing beyond a slight 


serious dissimilarity betwee 
animals respectively, and yet, on turning to the practica 
of the Commission, we find it recommended that “as a rule, no operation should be commenced 
until the patient is fully under the anwsthetic, so as to ayoid all chance of death from surgi- 
cal shock or fright.” With the conclusion I think most chloroformists will agree, but not with 
tho method of arriving at it ; and I maintain that if we followed the indications furnished by 
laboratory experiments in this instance we should be led into grievous error. 
28 
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On making a general suryey of the experiments as reported we cannot help being 

struck by one very important fact, viz, the uniformity with prio the various phenomena 

presented themselves in each series, even in those purposely complicated for special objects, 

In other words, the percentage of typical cases is yery large, and contrasts markedly with what 

is observed in the human subject, where typical form is comparatively uncommon, but is 

nevertheless, when it occurs, recognised as the normal and made the pont of departure for tho 
consideration of all others, It is chiefly on this account that [feel I must disagree with tho state. 
ment of the Commission that, if the rules laid down be followed, “chloroform may be given jn 
any case requiring an operation with perfect ease and absolute safety.” The public, who are our 
judges, ifanything goes amiss, will—nay, already have supplied the words by any one, exports 
enced or inexperienced,” and this idea, if allowed to gain acceptance, will, I am afraid, he 
fraught with disaster, Byen assuming for the moment that primary cardiac failure neyer 
occurs in the human subject, cases are continually presenting themselves where the respiratory 
signs need the closest watchfulness, Clinical experience shows us that shallow breathing 





oceurs at the two ends of the scale, On the one hand, when the subject is deeply under the 
influence of chloroform; on the other, when he is entering or emerging from its influence, In 
our typical cases the interval between the two is well marked, and the two conditions are easily 
distinguishable ; but in others, not at all infrequent, the interval is so small and so slightly 
marked that it may be bridged oyer by a minute dose of chloroform, or eyen by a mere altera- 
tion of position in the patient, It is here that even the experienced administrator might be 
led into a fatal error if he trusted entirely to the ill-defined signs furnished by the respiratory 
function, and it is only by a careful attention to the important indications yielded by the pulse, 
the pupil, the conjunctival reflex, the colour, and temperature of the skin, that he is able to 
conduct his patient safely through a truly perilous journey, I cannot conclude this letter with- 
out heartily endorsing every word in Dr, Hewitt’s valuable letter on the same subject. I haye 
myself notes of at least two cases in which, during complete and satisfactory chloroform narcosis 
and without hemorrhage of any importance, there was a rapid fall in the volume and tension of 
the pulse, attended with blanching of the lips and coldness of the surface, without any prelimi- 
nary alteration in the depth or frequency of respiration, Whatever the exact cause may he, 
there can be no doubt that during the administration of chloroform we must always be pre 
pared for such an occurrence, whereas with ether we may practically disregard its possibility. 
The duty of the anesthetist during the performance of a surgical operation on the haman 


subject must be regarded as a highly complicated one, and I am of opinion that the mo 
ble administrator is the one who, automatically, as it were, is at all times in full po 
the general condition of his patient, keenly alive to all the indications presented to him, how- 
eyer trivial, and at once prepared to regulate his procedure accordingly, 
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T am, Sirs, yours obediently, 
CHARLES B, SHEPPARD. 
Second Chloroformist to the Middlesex Hospital ; 
: Anwsthetist to Guy’s Hospital (Dental School). 
Welbeck-Sizect, Cavendish Square, W., March 4th, 1890, 
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ANNOTATION FROM THE LANCET, Maron 22np, 1890, 


It is rather extraordinary to observe what an outery has lately been raised by a number 
of our lay contemporaries against the experiments upon the effect of tight-lacing as a cause of 
death during the administration of anesthetics which were made by the Chloroform Commis- 
sion in Hyderabad, and mentioned in an address given at the Medical Society by Dr, Lauder 
Brunton, In some papers these experiments haye been quoted as examples of the infliction 
of pain upon sensitive animals to an extent that is “horrifying,” and haye been stigmatised as 
“wanton cruelty.” Some of the papers appear to haye thought also that Dr, Lauder Brunton’s 
observation that the experiments were made on female monkeys as being more like women than 
dogs referred to their mental and not to their physical characters, whereas it is obvious that the 
observation had reference only to the shape of the body as influencing the respiration, and 
in shape the body of the monkey more nearly resembles the human being than does that of the 
dog. Female monkeys were chosen in preference to males on account of the possibility that 
a difference might exist between the amount of thoracic and abdominal breathing in male and 
female monkeys similar to that which exists in women as compared with men, It is hard to 
see how these experiments can be looked upon as cruel, inasmuch as there was absolutely no 
pain inflicted, the experiments simply consisting in applying to monkeys wnder chloroform 
an amount of compression of the chest and abdomen which is self-inflicted daily by many 
thousands of women in Great Britain without anmsthetics, The objection has also been raised 
that the experiments were needless, as the effects of tight-lacing had been demonstrated over and 
over again ; but it seems to have been forgotten that the experiments of the Commission were 
not made in regard to the effect of tight-lacing in general, but to the effect of tight-lacing asa 
factor in producing death during the administration of chloroform, Theoretically, no doubt, 
it ought to be easy to predict that tight-lacing would aid in the production of death during the 
administration of chloroform ; but it is very easy to say, after the experiments of the Commission 





have shown this to be the case, that the results they obtained were well known before, and 
that no good has been gained by their experiments upon the subject, But practically the 
dangers of tight-lacing haye not been properly appreciated, inasmuch as an unfortunate death 
occurred in Edinburgh from nitrous oxide administered for the extraction of a tooth, at the 
beginning of October last, shortly before the Commission began its labours, In this case 
there seemed to be reason to believe that tight-lacing had contributed in no small measure to 
tho unfortunate result, and it was, indeed, this lamentable accident which led the Hyderabad 
Commission to make their experiments, These experiments will haye served their purpose 
if they lead to the general observance of the rule which the Commission lays down in the 
third section of its conclusions, viz: ‘To ensure absolute freedom of respiration, tight 
clothing of every kind, either on the neck, chest, or abdomen, is to be strictly ayoided ; and 
no assistants or by-standers should be allowed to exert pressure on any part of the patient’s 
thorax or abdomen, eyen though the patient should be struggling violently, If struggling 
does occur it is always possible to hold the patient down by pressure on the shoulders, pelvis, 
or legs without doing anything which can by any possibility interfere with the free moyements 
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» ‘The outery, foolish though it may have been, against the experiments jnst 


‘of respiration. ° ae aS 
mentioned may not be altogether without its use if it leads to a general recognition of the 


dangers of tight-lacing or tight clothing generally in anyone who is about to take an 


anzsthetic. 





LEADING ARTICLE. 


« The Lancet,’ 29th March 1890. 


Professor H, ©. Wood, conjointly with Dr, Hare, has communicated a paper upon 
the physiological action of chloroform to the American Medical News of Feb. 22nd. The 
authors eriticise the work of the Hyderabad Commission, and are led to adopt very different 
yiews concerning the action exerted by chloroform upon the heart. Moreover, they take 
exception to an observation made by us in The Lancet of Jan, 18th, p. 1389. We said, in 
speaking of the Hyderabad Commission: ‘The practical outcome of the research would 
appear to be that deaths are not inevitable. They are therefore preventable, and by due care 
in its administration they may be with certainty avoided.” Professor Wood and his colla~ 
borator do not appear to recognise that in using the aboye words we were expressing the 
conclusions of the Commission rather than our own, We were careful to add: “ The conclu- 
sions of the Commission are sweeping, and without abundant evidence cannot be accepted,” 
We haye spoken with no uncertain sound from time to time concerning the dangers attending 
the uso of chloroform—dangers which unquestionably, in temperate climes, manifest themselves 
through the heart, A careful perusal of the report of the Commission will, we think, amply 

justify us when we assert the outcome of its teaching is that heart failure does not occur, and 
deaths are, if ordinary precautions are adopted, quite preventable. We may, however, quote 
the final words of the Commission in confirmation of this, It says (The Lancet, Jan. 18th, 
p. 159) : “The Commission has no doubt whatever that if the above rules be followed, chloro- 
form may be given in any case requiring an operation with perfect case and absolute safety, 
so as to do good without the risk of evil.” The rules, we may remark, are simply those which 
eyery competent: chloroformist has, since the days of the Hnglish Chloroform Committee, 
Hea and EN But the really important part of Professor Wood’s paper is that in 
which he natratos his own experiments, The work of Professor Wood, as that of a tried and 
skilled experimenter, and one who has inyestigated the action of chloroform upon the heart 
more than. ences must command the utmost attention, In reviewing modern physiological 
research on this subject, he justly says it is unanimous in averting that chloroform given 
diluted to the lower animals kills qua the respiration, ic, as Snow has well explained, by 
cumulation 3 given in concentrated yapour, it kills by provoking paralytic arrest of the heart. 
ae og Soe a nea is injected into the veins, The heart further after 
this result is so at Ga ane 2 stinlations Professor Wood staia® 
BMG digi ors 6. tho ee edly demonstrated it before his class. It has been 

ry by chloroform, and Professor Wood has “ often 
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noticed that death has been produced by primary cardiac arrest,” Although possossed of theso 
facts as the result of several years’ work in the laboratory, it was determined, upon the publi- 
cation of the Hyderabad Commission’s report, to re-inyestigato the matter, This was done 
with the result that Professor Wood became more than eyer impressed by tho fact that chloro- 
form can and does kill directly through primary arrest of the heart, One series of experiments 
went to show that the heart is directly affected and not reflexly, the view now commonly held 
by experts. A second series proved that although when large doses are given, respiration and 
the heart’s action may cease synchronously, yet frequently the cardiac action conses a 
perceptible period before the respiration comes to a standstill, The conclusions founded upon 
these experiments are well worthy of very careful consideration, The authors say chloroform 
acts as a powerful depressant poison upon both respiration and circulation ; sometimes the 
influence is most felt at the heart, and death results from cardiac arrest ; in other cases the drug 
paralyses primarily the respiratory centres, while in other instances it seems to act with equal 
foree upon both medulla and heart.” And, further, they are led to formulate “that cardine 
arrest is specially prone to occur when chloroform is_administered rapidly and in a con- 
centrated form.” It is also stated by the writers of the paper that they haye each witnessed 
deaths from chloroform in the human subject, in which the heart ceased some while before arrest 
of respiration took place. They suggest that if the report of the Hyderabad Commission is not 





materially modified in its main contention, viz. that chloroform does not cause primary cardiac 
arrest, the explanation may be found in some peculiarity of Indian pariah dogs, since European 
and American dogs unquestionably succumb to primary heart failure when allowed to inhale an 
unduly strong chloroform yapour, 


In The Lancet of September 21st, 1889, we made the same suggestion as Professor Wood 
does now, and pointed out the possibility of the animals experimented on in Hyderabad being 
peculiarly resistant to the action of chloroform, and also indicated that differences in resisting 
power might also exist between the inhabitants of different cities. We further indicated yaria- 
tions in temperature as another possible cause of difference in the results of chloroform admin- 
istration, There may be other factors still unknown, and which may be ascertained by further 
experiment. We have no doubt that the experiments of the Hyderabad Chloroform Commis- 
sion and those of Drs. Wood and Hare were made with equal care, and the apparent diserep- 
ancies between the results will in the end only lead to a fuller and more perfect knowledge of 
tho truth, But we have foreseen that it is quite impossible to come to a final conelusion re~ 
garding the action of chloroform on man from experiments, however numerous and howeyer 
careful, on the lower animals, Such experiments are of great value, but the question must 
also be worked out from the clinical sido, and it is for this reason that we haye sent out a re- 
quest for information regarding the results of the administration of anesthetics, We trust that 
the difficulty of arriving at exact conclusions without a very large basis of facts will induce all 
those who can give us information to do so as fully as possible, and also to remember the 
proverb, “ Bis dat, qui cito dat.” When we have received these returns we purpose to have 
them collated, and to deyote careful consideration to the whole question of the action of anres- 
thetics, from its clinical as well as its experimental side, 


ing 
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LETTER FROM Dr. A. MITRA. 


To vie Eprrons or “ Tar LANCET.” 


Srrs,—The point raised by Surgeon-Major Deane in his letter published in The Lance, 
of January 25th is no doubt very important to the medical practitioner both in the United 
Kingdom and in other parts of Her Majesty's dominions, After the promulgation of the 
Hyderabad Chloroform Commission Report, the administrator of chloroform in a case which 
may unfortunately be fatal will be in a very awkward position before the coroner's court, Wo 
hear very often of “ death from chloroform” in large hospitals in the United Kingdom, Qon- 
sidering that greatest care is always taken to entrust the duty to trained and experienced men, 
it is impossible to believe that no other factor but want of sufficient care plays part in such 
casualties, While fully appreciating the great and good work done by the Commission, T 
believe I am justified in saying that there is hardly one new recommendation contained in the 
practical conclusions given in the end of the Report which is not already known to the 
profession, and which careful surgeons do not observe in their every-day work in the operation 
room, 


Dr, Deane says :—“ For the last fourteen years I have administered chloroform precisely 
as the Commission recommends,” I can fully bear testimony to this statement, as I had on 
seyeral occasions administered chloroform when Dr, Deane was operating, I haye adminis- 
tered chloroform in a yery large number of cases. I have always held the theory that chloro- 
form stops the respiration before it interferes with the circulation. During the administration 
of chloroform I never feel the pulse, but keep a careful eye on the respiration and condition of 
lips, &e, ; but, during the last four years, I had on two occasions to abandon the contemplated 
operation, and on three others to postpone it, for the danger that stared me in the face after 
the administration of only a few whiffs of chloroform, By the time this letter will reach you 
English surgeons will no doubt haye given their opinions on the question, The Hy derabil 
Commission deserve the highest credit, and it is not too much to say that it is one of 
the greatest scientific events of the nineteenth century ; but, at the same time, it must be 
observed that the last paragraph of its report has hardly the chance of being universally 


admitted, and is calculated to be positively dangerous medico-legally, as Dr. Deane has 
_ pointed out, 


T am, Sirs, yours faithfully, 
A, MITRA, 1,n,¢.P,, L.R.C.8, 
Kashmir, Mareh 5th, 1890, 
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REMARKS on the REPORT of the SECOND HYDERABAD CHLOROFORM 


COMMISSION, by Joun G. McKunprick, M.p,, (Professor of Physiology 
in the University of Glasgow) ; Josurm Coats, m.p., (Pathologist to the 
Western Infirmary, Glasgow) ; and Davin Newman, M.D, 
(Surgeon to the Western Infirmary, Out-door Depart- 
ment, Glasgow) ; Members of the British Medical 
Association Committee on Anmsthetics. 


(ReprinteD From tHE British Mepican Journan or June 141m, 1890.) 


The work of the Commission—The Dangers of Chloroform—Its Action on the Heart— 
Liability to Sudden fall of blood-pressuwre—Gradual Fall constantly observed— 
Chloroform or Asphyxia?—The Relative Importance of Heart and Respiratory 


Failure—Points of Agreement. 


Woe desire, in tho first instance, to congratulate the members of the Hyderabad Chloro- 
form Commission on the completion of an inyestigation of great importance to humanity, Tt 
reflects much credit not only on the members of the Commission who carried out the expori- 
ments, but also on the Government of His Highness the Nizam, his Prime Minister Sir Asman 
Jah, and especially on Surgeon-Major KE, Lawrie, whose zeal and energy originated and 
successfully carried out the Commission, The completion of a scientific investigation of such 
magnitude, and with the aid of all the refinements of a modern physiological laboratory in 
the capital of the largest native Indian State, is an eyent of historical importance, and may 
he regarded as an earnest of the time when Hast and West will co-operate for the adyance- 
ment of science. 


2. The report of the Hyderabad Chloroform Commission appeared in the Lancet of 
January 18th, 1890 (vol. i,, 1890, p. 149), The Reports of the British Medical Association's 
Committee was printed in the Journal, vol, i, 1879, pp. 1, 103, and 921 ; and in vol, ii., 1880, 
p. 957. 

8, Wo havo to thank Dr, Lawrie for kindly submitting to our inspection tho kymo- 
graphic tracings of blood-pressure taken by the Hyderabad Commission, ‘These convey an 
idoa of the enormous amount of work done by the Commission, —work involving great expendi- 
demanding high technical skill. We delayed the present 
mining these tracings, and we haye made 
of difference and bringing out our points 


ture of time and energy, and 
remarks till wo should have the opportunity of exw 
the examination with a view to adjusting our points 
of agreement. 

4, The main point of difference between the Commission and the British Medical 
Association Committee has reference to the action of chloroform on the heart. This will be 
takon up afterwards ; meanwhile, we may note that in our report we fully recognised the danger 
from failure of the respiration,—a fact which the Hyderabad Commission has omitted to allude 
to in referring to our report, ‘Thus, in our report we say: “ Chloroform may cause death in 





bate Ste 








dogs oither by primarily paralysing the heart or tho respiration.” “In most” casos respira 
tion stops hefore tho heart's action.” “The danger of death from stoppage of the Tespiratory 


functions must be borne in mind in every case in which anmsthotics are given,” &e. Thos 
sentences show that we recognised the danger to respiration, At the very beginning of our 
report we state: “ Without going into detail, we may say that it soon became apparent to 
us that chloroform administered to dogs and rabbits has a disastrous effect on the respiratory 
centres; it is easy to kill one of these animals by pushing the chloroform till respiration is 
paralysed, In observing the rate of the heart during these experiments, it could often he 


determined by auscultation that its contractions were maintained after respiration had ceased, — 


Tt was apparent, howeyer, that eyen when failure of respiration was more directly tho cause 
of death, the heart was, to some extent, simultaneously affected ; thero were even casos in 
which tho’ hoart appeared to fail at least as soon, if not before, the breathing.” 


It is evident from this that we regarded the danger to respiration as a proved and 
indeed a well-recognised fact ; and our special object was to investigate the question of how 
far chloroform was dangerous to the heart. The result of our inquiries was to conyince us 
that danger to the heart is at least an occasional occurrence, and one to be kept in mind in 
watching a patient under the influence of chloroform. In summing up, we put tho matter 
thus: “The chief dangers are (1) sudden stoppage of the heart ; (2) reduction of the blood- 
pressure ; (8) alteration of the pulse respiration ratio ; and (4) sudden cessation of the respira- 
tion.” In this enumeration we did not intend to place the phenomena in the order of their 
relative frequency or importance, although wo admit the sentence might bear this inter- 
pretation were it not taken in connection with the statements quoted aboye from the beginning 
of the report. The question, then, narrows itself down to this: Does chloroform eyer kill by 
paralysing the heart? We assert that it may do so ; the Hyderabad Commission hold that 
it neyer does so, and that it always kills by paralysing the respiratory centres or, in their own 
words, referring to experiments without recording apparatus ; “In every case in which 

chloroform was pushed the respiration stopped hefore the heart,” 


' 5. Before entering on an examination of the Hyderabad observations, we may 
reiterate some of the points which our experiments seemed to bring out :— 


(a) We showed that chloroform yapour has a paralysing effect on the muscular tissue - 


of the heart and indeed on all kinds of protoplasm, when directly applied, When the heart of 
a frog was eapceed to the direct action of chloroform vapour, it “ became rapidly weaker till it 
iy beating.” As regards the action on the mammalian heart we make tho following 
ae ee ie ; o ae : “With a similar view, a method was devised for warm-blooded 
ie Rea ee a ; used and afterwards dogs. The animal was anesthetised, then 
Pe cas ous pened, ! tube inerodnoad, and artificial respiration begun by means of @ 
ment of Tndia-rubbe at f dor forcing air in and another sucking it out). By an arrange 
cireuit between he es, chloroform or any other anwsthetie could be introduced in the 
the air passing into hatin a the trachea, It is to be understood that, in these experiments, 
Pe teal son pe 8 lungs was saturated with the vapour of the substance used. 

Spiration had been set going, the heart was exposed by an incision in the 
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middle line, which was carried by a pair of blunt scissors or boneforeeps through the ensiform 
cartilage and lower part of the sternum, This was effected generally with no serious bleeding. 
It soon became apparent that, when chloroform is given in this way, there is at once a most 
serious effect on the heart ; the right ventricle almost immediately begins to distend, the 
heart presently stops, with the right ventricle engorged with blood. The heart has often, in 
the case of rabbits, virtually come to a stand-still within a minute of the introduction of chlo- 
roform by the method described. The contrast was most striking when ether was used instead 
of chloroform, the other steps in the experiment being the same. Hther may bo given 
for an indefinite period without interfering with the heart. Wo kept up artificial respiration 
with ether in the circuit for an hour, not including twenty minutes occupied in producing 
anesthesia, and at the end of that time the exposed heart was heating as vigorously as at first,” 


It might be objected to these experiments that the dilatation of the heart, especially of 
its right cavities, may be due to asphyxia, but the fact that the heart is not affected in the 
same way by ethor as by chloroform, although the other conditions of the experiment are 
precisely similar, meets that objection. 


(b) During the operation of registering the blood-pressure either by the mercurial or 
by the spring kymograph, we observed in several instances, both in rabbits and in dogs, and 
especially in dogs, even when the blood-pressure was not very low, a sudden failure of the 
heart’s action, ‘This effect was a common occurrence during the administration of chloroform 
especially in the earlier stages or when the animal was recovering ; it rarely happened with 
ethidene, and we never observed it with ether. This effect is well seen in the blood-pressure 
tracings from the rabbit, @ and H.* During deep narcosis, these sudden variations do not 
occur. Wo were quite aware of the fact that these effects might be held to be due to a 
reflex mechanism, irritation of sensory nerves of the outer openings of the respiratory passages 
stimulating the inhibitory centre of tho vagi in the medulla, and thus retarding or even 
arresting the action of the heart, Whatever may be the explanation, the fact remains that 
at cortain stages in chloroform narcosis there may be sudden falls in blood-pressure due to 
intorference with tho heart’s action, and no one will deny that this is a serious state of mattors. 


(c) We have seen in more than one instance the blood-pressure of the dog become enor- 
mously reduced, and the pulsations become so infrequent as to he virtually ineffectual while 
respiration continued, A record of this experiment produced the * Glasgow trace,” as it is 
termed Sy the Hyderabad Commission.f The explanation of this trace is of great importance, 
and on this point we venture to differ from the Hyderabad Commission, as will appear 


further on. 


6, The principal points in which the Hyderabad Commission differ from us are (i) the 
question of how death occurs under the administration of chloroform, whether the danger is 
only of failure of the respiration, or whether thero is danger also on the side of the heart ; 





* Journal, Vol, I1., 1880, p. 966, 
+ See Trace A, Journal, Vol, IL, 1880, p, 962; which we have here reproduced, 
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Gi) the explanation of the sudden effect on the heart sometimes occurring under the influen Fs 


of chloroform, and observed equally by the Hyderabad Commission and by us, but ascribed ty a r 


the Commission to asphyxia and by us to a peculiar, and apparently capricious, inflnonca of 
chloroform. : 


(i) In the report of the Hyderabad Commission it is stated that chloroform “ causes & 
gradual fall in the mean blood-pressure As this fall continues the animal first 
becomes insensible, then the respiration gradually coases, and, lastly, the heart stops.” This 
is regarded as the normal course of events, and in confirmation of it reference is made to Bx. 
periments 168, 169, and 170. Wo have carefully examined these tracings, and others of a 
similar character, Like our own tracings, they show that, under the administration of chloro 
form, the blood-pressure is continually lowered, and that when chloroform is pushed the depros- 


sion is apt to assume what the Hyderabad Commission admit to be a “dangerous” degroo, 
Theso tracings seem to us in themselves to show that chloroform when pushed has a disastrous 


effect on the heart as well as on the respiration, 


Tn most of the experiments two different kinds of tracings were takeon,—one by Ludwig's 
and another by Fick’s apparatus. The Ludwig curye shows more particularly the blood-pres- 
sure, while the Fick tracing, taken while the Ludwig tracing is suspended, shows specially tho 
excursions produced by the individual pulsations of the heart. What we notice, specially in 
169 and 170, is that there is a gradual fall of the blood-pressure, occupying four minutes in 
the one caso and five and a-half in the other. Fick tracings, taken at intervals, show not only 
a reduction of pressure, but a very striking diminution in the force of the pulsations, By the 
time the breathing stops the prossure is reduced almost to zero, and the Fick tracings, taken 
immediately after the cessation of the breathing, show the merest indication of moyements in 
the heart, whoso pulsations are reduced in number to less than half, So far as the officieney 
of the heart is concerned in carrying on the circulation, it has virtually ceased to act by tho 


‘time the respiration has stopped, and we are inclined to believe that the inofficiency of the 


circulation may be, at least in part, the cause of the cessation of the respiraton ; this opinion 
being based on the fact that the fall in blood-pressure is so extreme before the respiration stops 


as to interfere with the propor nutrition of the respiratory centres, 


(ii) In paragraph 30, section (8) of the Hyderabad Report it is said that “ the offect of 
involuntarily holding the breath 


i . is much more remarkable, the pressure often fall- 
ing with great suddenness while the heart’s action is markedly slowed.” Further on, in Section 
(12) they say: “Complete, or almost complete, asphyxia, as by forcibly closing the nose and mouth 
or closing the tracheal tube after tracheotomy, has an effect similar to but more marked than 
that produced by holding the breath, and the character of the tracing corresponds precisely 
to that produced by irritation of the peripheral end of the cut yagus. ‘The pressure falls ex- 
tremely rapidly, sometimes almost: to zero, and the heart’s action becomes excessively slow, 
eyen stops fora few seconds, If the Fick traco of Experiment 148 be compared with the 


photographic reproduction of Trace A of the Glasgow Committee it will be seen that they are 


ident i 
identical, and that the slow action of the heart with groat fall of pressure, which the Glasgow 


Commitieo attri a : 
itteo attributed to some capricious action of chloroform upon the heart, was undoubtedly 


y 








due to asphyxia.’ A number of tracings are adduced hy the Hyderabad Commission in 


confirmation of these statements, and these we have carefully examined, with results different 
from those arrived at by them, 


In the first place, in Experiments 103, 119, and 157, quoted in Note 10 of Lancet 
Report, woe have sudden falls of pressure, and opposite some of these, not all, there is the note 
“holding breath”. Thus, in 103 (Ludwig), between Fick 20 and 21, there is a very sudden 
fall, at the bottom of which is noted “holding breath”. Again, Trace 119, Fick 2, shows a . 
sudden fall, and in the Ludwig trace we haye a similar note. It is the samo with 157, Fick 2, 
(not Fick 4, as in Report of Commission), But these sudden falls of pressure are not confined 
to occasions when the animal holds its breath, 


‘An examination of trace 157 is very instructive in this respect, Soon after the com- 
mencement of this tracing thore is, a8 shown in the Ludwig trace, a sudden fall of blood- 
pressure, with the note, “ taking off gag he suddenly held his breath, and pressure fell”, There 
was then a slight recovery of pressure, and trace Fick 2 was taken which starts from a low 
pressure, and shows a tracing somewhat like our A, Furt her on in the tracing comes Vick 4, 
which is yery like that of Fick 2, so like that the Commission in their Report haye misplaced 
the numbers, but the animal is distinctly noted as “ struggling, but not holding breath”. It 
is noted, however, that chloroform is being given “ with the cap closely applied”. If wo add 
to this that in the cases noted the fall of blood-pressure seems to haye heen almost simultaneous 
with holding the breath, the effect on the heart can hardly be regarded as the rosult of 
asphyxia, as asphyxia is well known to induce reduction of blood-pressure only after a consider- 
able time. (Sze further on.) 


Turing to the experiments referred to in Section 12, where the breathing was arti+ 
ficially interrupted, we have been astonished to find that the traces do not bear out the state- 
ment of that paragraph, For example, take Experiment No, 150, The following facts are 
noted in regard to it, (a) Near the beginning of thet race we find that “holding noso and 
mouth ” produces a distinct fall, not nearly so abrupt or great as in our A, or as in observations 
under “holding the breath”. (b) Again, at 11°55, pressure has greatly fallen under the in 
fluence of chloroform, which has rendered the animal insensitive, before the nose and mouth 
are stopped ; the fall continues, but not with any approach to the rapidity of those previously 
mentioned under “ holding the breath ”. (c) Further on, at 12°5-80, after the animal hac 
partly recovered, and when chloroform is being given with “lots of air », and with the ani 
“just insensitive, stopping the nose and mouth produces a much more gradual fall than in th® 
previous two occasions apparently because the animal is less affected by the chloroform, ( : 
Again, at 129-30, the chloroform is pushed with the cap crammed over the nose, but the ref 
piration is not obstructed, and there is a fall similar to that in &. (e) Still furthor on, at Fick 
7, we hayo “mouth and nose closed ”, but there is scarcely any effect on the blood-pressure anc 
yery little on the pulsation. (f) At Fick 10, chloroform having been stopped a while, holding 
mouth and nose produced little effect on the pressure, but distinct slowing of the pulse, Afte! 
this the yagi are cut, and the experiment need not be followed further. } 


Sie 
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» ‘This ingenious view has much to support 
to the Hyderabad Commission for its sugges- 
s an adjunct to chloroform 
the Hyderabad Commis- 


doso is at once conveyed to the nerve centres’ 
it, and wo think that much credit is lets ) a 
tion, as it undoubtedly explains the beneficial action of atropine a 
administration. We would remark, however, that in our opimon y t 
sion attach too much importance to it, and that it does not account for it facts in itagiecs 
For example, we observed in one case, after stoppage of respiration, while the heart St. 
beating, that respiration was spontaneously resumed ; and we supposed that by the Gueeaiion 
of respiration, less chloroform was taken into the blood, so that in a Bhat time the respiratory 
centre recovered. Tn this case the heart was pulsating vigorously after stoppage of respiration, 
hut as the chloroform in tho air-passages was aken up and quickly eliminated and decomposed 
in the blood, the respiratory centres recovered. 
recommenced, more chloroform was introduced, and again there was danger to the res 
Chloroform, no doubt, is taken from the pulmonary air-c ells by 
at all events, the 





When, however, they recoyered, breathing 


iratory 








centres and to the heart. 
diffusion, and this will be facilitated by inspiration, possibly by expiration ; 
rapidity of absorption will not be the same when the pulmonary aircells are quiescent as 
when they are expanding and contracting in inspiration and expiration, Thus the movements 
of respiration will affect the amount of chloroform absorbed, and if, respiration becomes 
feeble, or even ceases, less chloroform will be taken up and time may be allowed for both the 
respiratory centres and the heart to recover, Thus the number and yolume of the respiratory 
movements affect the quantity of chloroform absorbed and the number and yolume of the 
heart beats affect the quantity of chloroform sent to the nerve centres, It is clear, therefore, 
that the problem is more complicated than as ited by the Hyderabad Commission, and that 
the physiological action will depend on so many factors as to make it extremely unlikely that 
the course of events will be the same in each case, Thus we have (1) the condition of greater 
or less asphyxia, as effected by the quantity of air mixed with the chloroform vapour ; (2) the 
occurrence of any inhibition of the vagus, as affecting the number and yolume of the heart 
beats, and thus the amount of chloroform reaching the nervous centres ; the number and 
amplitude of the respiratory movements, as affecting the amount of chloroform absorbed into 
the blood ; (4) as we hold, the specific action of chloroform on the muscular structure and 
intrinsic neryous mechanism in the heart; and (5) the influence on the vaso-motor centre, as a 
factor in producing the great fall in blood-pressure, We think the Hyderabad Commission 
attach #00 much importance to one common mode of death, failure of the respiratory centres; 
and while we agree generally with their conclusions, which in many respects are similar to 
gna OMn, We consider it unwise and unsafe in practice to pay no attention to the state of the 
as te aes alone. We also consider it unwise to convey to the 
ae te : “ - hee 6 ee that the administration of chloroform is a pro- 
ae pee - y no een At the same time, we thankfully admit that 
MPN tgs ce z fae of so potent Bu agent has been remarkably small, even 
HE cies ymlence A . ) on no ahention to the condition of circulation, As a 

> especially seeing that when respiration fails we can employ 


riifici ‘ _ ates 
ificial means for its restoration, while if the heart fails, little or nothing can be done to 


‘vert a fatal issue, it is i ee 
Cy ee SO is incumbent on eyery one giving chloroform to watch both the pulse 
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Tt may here be noted that our observations are in complete accord with those recorded 
by Drs. Wood and Hare, of the University of Pennsylyania, published in the Medical News of 
February 22nd, 1890, and reprinted in the Provincial Medical Journal, April 1st, 1890, The 
yestlis of numerous experimental observations are embodied in the following paragraph :— 


“The experiments which we have given show that chloroform acts as a powerful de- 
pressant poison upon both respiration and circulation, that sometimes the influence is most 
felt at the heart, and death results from cardiac arrest ; that in other cases the drug paralyses 
primarily the respiratory centres, whilst in other instances it seems to act with equal force 
upon both medulla and heart, So far as practical medicine is concerned, it makes little 
difference whother the heart stops before or just after respiration, 50 that those cases in which 
cardiac and respiratory arrest are almost simultaneous are, for the purposes of the clinician, 
the samo as those in which heart arrest precedes respiratory paralysis, Finally, the general 
results of our new experiments also coincide with our previous experience in the laboratory, 
and with what wo believe to be the general belief of physiologists—that cardiac arrest is spe- 
cially prone to occur when chloroform is administered rapidly and in a concentrated form.” 


8, It will probably serve a useful purpose, seeing that the points on which we dis- 
agree with the Hyderabad Commission haye been set forth in some detail above, if we now 
state in a summary form the more important matters on which we are agreed, 


(1D) We are agreed that death from chloroform oceurs by failure of respiration, and that 
this is probably the most frequent mode of death. 


(II) We are agreed that chloroform causes & gradual fall in the blood-pressure as 


‘registered by kymographie tracings from the carotid artery. This is the normal effect of 


chloroform. 


(111) Weare agreed that when chloroform is pushed this gradual fall may be so great 
as to become in itself “* dangerous » ‘This is admitted in paragraph (8) of the Hyderabad 
Report, whore they state that after an animal has been involuntarily holding its breath “ the 
gasping respiration which succeeds then causes very rapid inhalation of allaraton, with 
immediate insonsibility and a rapid fall of blood-pressure, which becomes dangerous”. (The 


italics are ours.) 


(Iv) In addition to this, which we may call the normal effect of chloroform on the 
heart and blood-pressure, both of us observed peculiarly sudden and unexpected falls of pres- 
We are agreed that this phenomenon occurs, and the 
Hyderabad tracings chow that it is frequent. We differ as to the cause oh its oogurrenss the 
Hyderabad Commission ascribing it to asphyxia, while we contend that neither in the time of 
its occurrence after holding the breath nor in its general characters does it correspond with 
the fall of pressure due to asphyxia, Whateyer be the explanation; the occurrence is in iteelt 
sufficiently serious, and should not be minimised as forming one of the sources of danger 1 


the administration of chloroform, B 


sure, with slowing of the heart. 
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‘LEADING ARTICLE, 


The Lancet, Sune 21, 1890. : 









Ly presenting to our readers this week a selection of tracings from those obtained 
the Second Hyderabad Commission, we think it may be well to bring shortly again to hen 
notice the facts about this Commission, Its object was an essentially practical one, and could 
not be better defined than in the words of His Highness the Nizam himself, “ to save people’ 
lives”, ‘This object Surgeon-Major Lawrie hoped to attain by showing experimentally i 
he, in common with his teacher Syme and many othors, had found clinically, that attention to 
the respiration was the safeguard against death during chloroform anesthesia, At his sug- 
gestion, tho first Hyderabad Commission was appointed by the Nizam’s Government, bt) Gad 
Q results were so different from those obtained by many other experimenters that we hesitated to 

aocept them when they were forwarded to us, At Dr. Lawrie’s instance a Second Commission 
was appointed, and the Nizam gonerously forwarded to us £1,000, with the request that Tar 
Lancer would nominate an expert to assist in the investigation, and Dr. Lauder Brunton 
kindly acceded to our request to act as our representative, To take up the whole general 
action of anesthetics, although interesting, would have occupied more time than the Conte 
sion had at its disposal, and consequently it restricted its experiments to those having a direot 
practical bearing. ; ‘ 








































In a subject of such vital intorest as the mode of action of anzsthetics it is important 

Me no conclusion should be accepted without the most thorough criticism, and it is mith th 
yiew of enabling our readers to draw their own conclusions from the ae of the Sedetl 
Hyderabad Commission that we present them with a selection from the fiasin $ obtained 
Nearly 600 experiments in all were performed by this Commission, about 150 of tee es . 


ut 0 e total number of tracings, amountin 400 or we now select in order to 
O f the to b f tra 9 to 400 500, 5 
of ig nh f ct 382 


one ee cies Papiiriaeion, day: vs stress are that when chloroform is given to 
Be ritnvaviobly stops ‘ is : ee way as 0 is given to patients during operations, the respi- 
priori Acial ee ees x a e heart, and if the administration of the anesthetic be stopped 
restored. The great svi ibe See peeral brektiiing (ceases, life oan invariably be 
by the Committeo of th core heart's action which has been observed, more especially 
to the action of chlorofo : th = Modical Association, and which has beon rogarded as due 
‘as they entirely fuiled : ota ee Commission regard as due to asphyxia, inasmuch 
but were able to obtain it at will ees by giving chloroform with free admixture of airy 
instead of looking at this slowi a ciation of the animal’s respiration, Moreover, 
Serer ec) it wathion aa ng of the heart's action as a causo of danger, the Commission 
: a means of safety, preventing the anesthetic from being carried too rapidly 


the lungs to the nerye contr 
ae centres, Irom the observations made by the Commission there 





doubt fi s : aa 
that while chloroform given with a freo supply of air by inhalation : 
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does not paralyse the heart directly, yet that asphyxia with chloroform is yery dangerous, and 
generally causes the heart to stop much more quickly than asphyxia alone would do, although 
to this rule there may be exceptions. 


/ The influence of shock was very fully tested by the Commission, as will be seen from 

Experiments 79 and 185, It was found to be very much less than what might have been 
expected. These experiments are no doubt open to tho objection that the operations intended 

to produce shock were not performed at the time whon sudden death from shock is said to bg 
most likely to occur, viz., at the very beginning of the operation before any ansesthetic had 
been given at all, but were done after the animal had first of all been thoroughly anzesthetised 
and had only partially recovered from the anmsthesia, Of this objection the Commission took 
full cognizance, but decided not to perform operations before ancesthetics had been given, 
because animals are less liable to shock than man on account of their lower mental deyelop- 
ment, and the chance of obtaining evidence of chock seemed too small to justify the infliction 
of the pain which would necessarily have been entailed by operating without chloroform. 


In Tux Laxcur of September 21st, 1889, we indicated that difference of temperature 
might have something to do with the varying results obtained at Hyderabad and elsewhere, 
and the Commission consequently noted the temperature of the room as well as of the animal 
in most of their experiments. The effect of chloroform upon animals with a fatty heart was 
ascertained by administering phosphorus to the animals previously, so that: their organs became 
fatty ; but as will be seen from Experiment 79, the effect was less marked than might have 
been anticipated. 

The lamentable case of death from tho combined influence of nitrous oxide and tight- 
Edinburgh last autumn shortly before the Second Hyderabad Com- 
induced them to test the effect of tight-lacing in monkeys subjected 
Té will be seen that death occurred rapidly, No doubt this might 
he Commission no doubt would not haye tried the experi- 
ment had not the death of the unfortunate lady shortly before shown that the danger of tight 
aking an anesthetic was not suficiently appreciated. These experiments of the 
Commission haye caused much remark by many of our lay contemporaries, who did not seem 
and that their object had nothing to do with tight-lacing in general, but simply 
f anzsthetics, 


lacing which occurred in 
mission began their work 
to the action of chloroform. 
readily haye been anticipated, and t 


lacing when t 


to underst 
with tight-lacing as affecting the action 0 


portance is not likely to be finally 


a question of such im) 
the two must 


As we have already pointed out, 
or experiment upon animals alone ; 


settled either by clinical observation alone 
be combined. 

e Second Hyderabad Commission have supplied us with a 
hh as has never been obtained before, and is not likely to be 


obtained again, at least for many years 5 but in order to have this supplemented from the 
clinical side, we issued with Tae Lavcrr of March 15th a form of inquiry regarding deaths 
from anesthetics which we irust that our readers will fill up and return as soon as possible, and 


30 


The Experiments of th 
mass of experimental data suc 








Dia 





; ~ that thoy will also aid us in our work by obtaining answers from as many trustworthy persons 


Ub ns" oy Si ia aaa 
eae : 
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ag they can. 


By combining the experimental and clinical data we trust that we shall be able to ne 
finally at rest the vexed question of how doath occurs during anmsthesia, and thus “to say 
people's lives » as the object of the Commission was expressed by the enlightened ruler to 
whose generosity, backed by tho public spirit of his ministers, we owe the establishment of 
the Hyderabad Commission. 


The tracings which wo have reproduced were taken by connecting the carotid artery 
of the animal with a mercurial manometer, the float of which ascended and descended with 
eyery rise or fall in the arterial pressure, and traced upon the slowly-revolving cylinder 
blackened with soot the variations of the pressure upon the arterial system. As tho reyo- 
lutions of the cylinder were too slow to allow of the individual pulse beats being seen, a second 
cylinder was employed which revolved at a speed nearly ten times as great as the first ; by 
using a wide tube, either limb of which could be shut off or opened at leisure, both mano- 
meters could either be put into communication at once with the artery, ora single one could 
be connected at a time, Usually only one was thus connected ; the general variations of the 
arterial pressure are shown in the tracing taken by the Ludwig’s or mercurial kymograph, 
termed shortly “ Ludwig ” in the tracings, and the pulse beats were taken by a Fick’s kymo- 
graph on the quickly revolving cylinder. These tracings are indicated by the word “ Fick” 
in the corner, In the tracings taken by Ludwig’s manometer a straight line will be found 
here and there in place of the usual curve. These lines indicate the points where the Fick's 
kymograph was connected with the artery in place of Ludwig's, Hach is numbered, and 
by reference to the corresponding tracings by Fick’s kymograph the character and rate of the 
pulse at any of theso periods can be readily ascertained, 






ARTICLE BY Sureron-Masor LAWRIE, 
[Prom “ The Lancet,” June 21st, 1890.] 


_Waatever may he the result of the labours of the Second Hyderabad Chloroform 
Commission, the gratitude of our profession is due to His Highness the Nizam of Hyderabad 
for the opportunity of sciontific progress which his unbounded liberality has afforded, At the 
fime the Commission was appointed, the Pioneer, the leading journal of India, wrote : “ No- 
thing could show hetter the beneficent nature of the eolidl and friendly tio which binds 
togother the British and the Nizam’s Governments than the remarkable and cosmopolitan 
onlig wich His Highness the Nizam and his officials, one and all, have taken in bringing 
eee se ‘oa of chloroform to the proof, It redonnds to the honour of the 
leading Tndinn es ie a Bt tho administration of Sir Asman Jah, that the 
Pee ar inh ; take a principal share in the settlement of a question which 
ica. ee of the whole of mankind.” Since wo are in a position to 

© Commission have finally proved the safety of chloroform, it is 
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right to ask that the Nizam and his Minister, Sir Asman Jah, together with the Minister's 
responsible adviser, the Nawab Mushtak Hussain, should receive public recognition as 
benefactors not only of the human race, but also of the animal kingdom, which, no less than 


mankind will derive benefit from the advantages chloroform confers in the abolition of pain 
and in the relief of suffering. 


In considering the work of the Second Hyderabad Chloroform Commission, a very 
brief recapitulation is necessary. Tour hundred and thirty animals were killed with chloro- 
form by the Commission’s Sub-Committee, or were subjected to experiments as to the effects of 
artificial respiration, with the object of confirming, elaborating, or disproving the work of the 
First Commission, In addition to this, 168 animals were killed by the Commission with 
chloroform and other, and the offects were recorded by Drs, Lauder Brunton and Bomford 
with Ludwig’s and Fick’s manometers. The Sub-Committee’s experiments confirmed the results 
obtained by the First Commission presided over by Dr, Hehir ; and in their turn the results 
of the Sub-Committee were confirmed by the experiments undertaken with the solf-recording 
apparatus. In every case of death from chloroform the respiration stopped before the heart, 
The three series of experiments showed that simple chloroform poisoning causes paralysis of 
the respiratory centre and then gradual death, the heart being the last organ in the body to 
dio. The exceptions to the rule that the heart retains its vitality longer than any other part 
of the body were found in four cases, in which more or less energetic contractions of the 
diaphragm occurred after the cessation of the heart’s action. In one case the contractions 
took place after the thorax had been laid open, and whon the lings were collapsed. ‘The 
Commission called these movements gasps, but solely for convenience and the want of a better 
term, They were no more respiratory movements than the wagging of the tail and the snap- 
ping of the jaws, which went on for ten minutes after death in two other cases, were moye- 
ments of joy or of mastication, The respiratory is a codrdinating centre, but there is no 
yeason why any of the muscles should not contract spasmodically from stimuli applied to their 
own proper centres after the respiratory centre is paralysed. The diaphragmatic contractions 
in yomiting and hiccough are not generally considered respiratory movements. 


With reference to the manometer experiments of the Commission, it must be borne in 
mind that the inhalation of chloroform necessarily causes a fall of the blood-pressure. When 
this was first imporfectly demonstrated by the English Commission in 1864 it was erroneously 
thought to be a source of danger ; and the idea was confirmed by the Glasgow Committee in 
1879, which went further and attempted to prove, by means of more accurate apparatus, that 
not only does chloroform cause a fall of the blood-pressure, but that the fall is sometimes 
capricious, and that this constitutes the grave danger in chloroform administration, The 
Commission have shown that the capricious effects which the Glasgow Committee attributed to 
chloroform were produced by accidental asphyxia ; and the fact that the fall of the blood- 
pressure, as indicated in tho Glasgow Committee's tracings, was irregular is now known to 
prove that there must have been irregularity of, or interference with, the respiration, in their 
experiments, How the fall of tho blood-pressure is produced by chloroform may be left for 
physiologists to determine, but it must be clearly understood that it is in no sense a danger, in 
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any caso which is fit for an operation, unless it is axcossive, that is to say, unless an oversdosy 
of chloroform is inhaled. 


The facts brought out by the manomoter experiments of the Commission, which can he 
proved from the tracings, are + 


4, “Chloroform, when given continuously by any means which ensures its froo dilution 
with air, causes & gradual fall in the mean blood-pressure, provided the animal's respiration js 
not impeded in any way, and it continues to breathe quietly without struggling or involuntary 
holding of the breath, As this fall continues, the animal first becomes insensible, then the 
respiration gradually coases, and, lastly, the heart stops beating (vide Hxperiment 169: Ludwig 
and Fick tracings), If the chloroform is less diluted the fall is more rapid, but it is always 
gradual so long as the other conditions are maintained ; and, however concentrated the 
chloroform may be, it never causes sudden death from stoppage of the heart.” 


2, Chloroform has no power of increasing the tendency to either shock or syncope 
during operations, Hyery operation that ingenuity could suggest, or that has ever been sup- 
posed to be dangerous under chloroform, was performed by the Commission in every stage 
of chloroformisation, without any effect upon the heart, the pulse, or the blood-pressure, 


8, The Commission found, however, that struggling during chloroform inhalation, or 
anything which interfered with the breathing in any way, such as holding the breath or asphy- 
xia, produced irregularities in the circulation and in the action of the heart (vide tracings of 
Experiment 148), ven such slight interference as is brought about by forcibly pulling the 
tongue forward had this effect (vide Tracing 185). In fact, pulling the tongue, which is 
constantly done when patients are supposed to be in danger from chloroform, was the only 
proceeding short of direct irritation of the vagus that appeared to produce shock, This would 
have been thought very paradoxical had it not been that previously, when Experiment 65 was 
reached, Dr. Bomford had proposed that the heart should be inhibited by olectrical irritation 
of the yagus during chloroform poisoning, as he believed it would prove beneficial by postpon- 
ing or preventing the fatal effects, If Tracings 65 and 117 are examined, it will be seen that 
inhibition of the heart’s action and slowing of the circulation, with rapid fall of pressure, caused 


by irritation of the vagus, proved to be a safeguard, exactly as Dr. Bomford had anticipated, 
rather than a danger. 


4, 4 Following up the discovery regarding the vagus, the Commission found that an 
effect precisely simile to that caused by electrical stimulation of the vagus is produced through 
me a : @ in the holding of the breath, which occurs in the early stages of chloro- 
ines ce "3 Bxperiment 148+ Fick I. and IL., readings 2, 3, 4, 6, 8, 9, and 11); 
ae ieee ae 161: Bick 1, readings 14, 15, 16, and 17; and Bxperiment 
De aies 2 . Ny and (¢) Sometimes after the respiratory centre is paralysed in the 
and Experiment 178 ate pein) (vide Experiment 148: Ludwig ILL, from 4°5 to 47; 
De hihan ants tracings). The same effect is produced in man by identically the 

4 is whet Tue Lancer of March 2nd, 1889, wrote as of “ primary and 
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secondary syncope”. It is evidenced by pallor of the face and other symptoms, to which 


Mr. Battle and Mr. Hewett referred in their letters to Taz Lancer of Feb, 22nd and March 
Ast, 1890. 


5. The Commission discovered gradually (vide Experiment 148) that it is possible to 
give chloroform in such a way that full anmsthesia is produced, with a gradual fall of blood- 
pressure, unaccompanied by any irregularity of the heart or circulation, The Commission found 
that the way to do this was to ensure natural and regular respiration, without struggling, 
holding the breath, or asphyxia, or any interference with the breathing. It became avidond 
in the course of the experiments that it was difficult, if not impossible, to make any animal 
inhale unduly strong chloroform vapour without previously making it hold its breath, asphyx- 
jating it, or making it insensible. When an inhaler saturated with chloroform is held too 
elose to the mouth and nose an animal holds its breath ; and in many animals, especially the 


rabbit or the goat, holding the breath stimulates the vagus and at once slows the heart and 
retards the circulation. 


6, The experiments of the Commission proved that death from chloroform is inyari- 
ably due to an over-dose ; and the question which next aroso was, are there any cireum- 
stances which make chloroform inhalation dangerous, and, as it were, open the door to an 
oyerdose, or make the action of the drug appear capricious ? 


7. It is fully demonstrated by the experiments of the Commission that struggling, 
holding the breath, any form of asphyxia, or any kind of interference with the breathing are 
dangerous in chloroform administration. Obviously either complete asphyxia or continuous 
holding of the breath, if this were possible, would be sure preventives of poisoning by chloro- 
form ; but the danger in such conditions is due to the fact that they must alternate with 
extra vigorous and deep respiration. Struggling makes the inhalation of chloroform dangerous, 
because it either partially asphyxiates the patient, or alternately does this and accelerates the 





respiration and circulation, so increasing the amount of chloroform inhaled and hastening the 
rapidity with which the chloroform is conveyed to the brain and nerve-centres. Holding the 


breath causes asphyxia, and asphyxia produced in this or in any other manner poisons and 





stimulates the respiratory centre, and, on the one hand, makes it extremely obnoxious to 


para 





sis by chloroform ; while, on the other, it leads to gasping and deep inspirations, hy 
which an over-dose is very soon taken in. The rapidity of chloroform poisoning when asphyxia 
is produced is much the same as it would bo if you threw a man intoa pond, and held a chloro- 
form inhaler over his head every time he came to the surface to take a breath. This is exactly 
what a timid or badly taught operator often does. He measures his chloroform and pours 
it intoa patent inhaler, which he then applies to the patient’s face. ‘The patient holds his 
breath and becomes deadly pale, while his vagus slows the heart and circulation, Presently 
the patient takes a deep gasp, and as soon as the chest begins to moye, the chloroformist 
thinks there is no danger and replaces the inhaler on his face, too probably adding another 
dose of chloroform as he does so. ‘The patient's natural protective means being exhausted, he 
yery quickly absorbs a fatal dose of chloroform, and we are subsequently told that his heart 
failed, that ho afterwards gasped two or three times and then died. No care in measuring 
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the chloroform or diluting it in a mechanical inhaler is any guide whatever to the amount 
of the anesthetic a patient inhales or absorbs, Moreover, breathing through an inhaler is not 
natural breathing. 


8, The Commission has shown that the key to the safe administration of chloroform js 
that the breathing be natural, so as to ayoid struggling and any form of respiratory embarrass- 
ment; and that it may be so the anmsthetic must be administered in an open cone or ea i 
which is held far enough from the patient's face to avoid causing him to hold his breath or 
struggle, and into which he is at first made to blow after each inspiration, the cap being 
brought nearer to the face, and eventually quite close to it, as the chloroform begins to take 
effect and he breathes regularly. 


The two tracings dated March 6th, 1890, Nos. 3 and 4, Ludwig, show very conveniently 
all the points claimed by tho Commission. They demonstrate: («) The gradual fall of 
blood-pressure eaused by chloroform inhalation, when the chloroform is properly given, so as 


to entirely avoid struggling or holding tho breath, &e. (0) The value of reflex winking when 7 


the eye is touched, asa guide to the state of anesthesia. When this point is roached, the 
subject may, as a rule, be said to be ready for operation, and this, it will be seen from the 
tracings, occurs long before the fall of pressure, if this be regular, reaches a dangerous stage, 
(c) The effects of pushing chloroform till the stoppage of the respiration, the heart being un- 
affected till long after this stage is passed. (d) The slowing of the circulation and fall of 
blood-pressure caused by irritation of the vagus. No one doubts that the vagus has the same 
action in man as it has in animals, (e) The effect of electrical irritation of the vagus when tho 
respiration has ceased ; and the slowing of the circulation, which retards the conveyance of 
chloroform, to the nerye centres, It is not difficult to understand how slowing of the eircula- 
tion necessarily retards the conveyance of chloroform to the medulla, For example, if the 
pulse is sixty, and sixty atoms of chloroform are conyeyed to the brain in a minute, only thirty 
atoms a minute will reach the brain (other things being equal) if the pulse is reduced to thirty 
by stimulation of the vagus, Tracings 3 and 4 of the effects of ordinary chloroform inhalation 
are identical up to the point where the respiration ceased. Tracing 3 then shows that the 
breathing haying entirely ceased, stimulation of the vagus slowed the circulation from eighty- 
six to forty-two a minute and saved the dog’s life. Tracing 4 shows how, after the stoppage 
of the respiration, when artificial respiration was not employed and the vagus was not irritated, 
the heart’s action gradually ceased. Both tracings show how useless it would have been to 
have takenithe action of the pulse as a guide. When the pulse failed, as it did at the end of 
Tracing 4, it was a sign of impending death. The two tracings demonstrate that by taking 
the nese Sula alone as a guide, danger could have been averted, as it always can be in the 
vies minder chloroform, if the breathing is carefully kept free. It is remarkable thati 
Wee oe a ee was given undesignedly or precisely the same length 
can aid i‘: ea rf onsidered by the light of the work of the Commission, these 
Phere ia ie a aoe le of the heart and cireulation through the stimula - 
nil eae eee i ae poisoning, The symptoms—pallor and loss of 

er in man are none the less signs of the greatest dange% 
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as they signify that the patient has not been breathing properly, or that he has been asphyxiat- 
ed, or that the respiratory centre has been paralysed. They do not indicate, as has hitherto 
heen supposed, that chloroform has any direct effect upon the heart; but whenever they oceur, 

9 


at whatever stage of chloroform administration, they show most unmistakably that it has been 
given in such a way as to interfere with the breathing. 


The most important point of all in the tracings is to be found in the invariably gradual 
and regular fall of blood-pressure when chloroform is proporly administered. This is shown 
in many of the Commission’s experiments, especially from No. 164 to the Pl (vide 169), 
and in the tracings of March éth, 1890, In tracings 3 and 4 of March 6th the fall of iba 
pressure is gradual and perfectly regular, and they demonstrate the only method of chloro- 
form administration compatible with absolute safety. Though fall of pressure is inseparable 
from chloroform administration, there is never the least danger if it falls regularly, and if the 
inhalation is stopped directly the state of the cornea shows that the RAL ie under ”, 
Regularity of the blood-pressure depends entirely upon regularity of the respiration. Any 
irregularity, therefore, in the fall of blood-pressure during chloroform inhalation indicate 
irregularity of or interference with the respiration ; and, per contra, any irregularity of or 
interference with the respiration at once causes irregularity in the fall of blood-pressure ; but 
as long as the respiration is regular and not interfered with, the fall of the blood-pressure will 
exactly correspond with it, and will cease long before a dangerous point is reached #/ the 
inhalation is stopped when the cornea become insensitive, or other signs show that the pationt is 
“under”, If the respiration is kept up without struggling, holding the breath, or asphyxia, 


chloroform may be given slowly or quickly, freely and with perfect confidence, without the 
slightest risk to the patient. 


From the standpoint of medical education it isa serious misfortune that ether has been 
allowed to displace chloroform in any of our large hospitals. The public has a right to de- 
mand that every medical man shall be able to administer an ansesthetic with safety in any part 
of the world; and there is no anmsthetie which can be thus universally employed except chlo- 
yoform, If ether is used as the sole recognised anmsthetic in the hospitals attached to our 
medical schools, students cannot learn how to give chloroform ; or if anesthetics are only to 
be administered by specialists, students cannot learn anzsthesia practically ; and it is notori- 
ous that the advance of ether has been accompanied by a decrease in the employment of 
anesthetics by the general practitioner, and has limited their usefulness, 


In conclusion, I desire to do justice to the wisdom of my old masters by comparing 
the principles Syme laid down for the safo administration of chloroform,—principles which he 
always said he took from Sir James Simpson,—with the physiological proof the Hyderabad 
Commission has succeeded in determining from their experiments. In tho lecture to which I 
have so often referred, which was published in Tar Lancer of Jan, 20th, 1855, Mr, Syme states : 
«The points that we consider of the greatest importance in the administration of chloro- 
form are: first, a free admixture of air with the yapour of chloroform ; secondly, we do not 
stint the quantity of the chloroform ; then, and this is most important, we are guided as to the 
effects, not by the circulation, but entirely by the respiration, We also always give cliloro- 














form in the horizontal position, taking care that there is no article of clothing constrictin f the 
neck, and twe never continue beyond the point when the patient is fully under the influence of the 
) 


anesthetic.” 


The Commission has demonstrated that the aim of the surgeon must be to give chloro. 
form so that the blood-pressure should fall regularly throughout the whole administration, and 
that the blood-pressure can only be kept free from irregula mites by absolute regularity of the 
breathing. The chloroform must therefore be inhaled in such a way that the breathing 
is natural and regular throughout, Peeling tho pulse during chloroform inhalation is no guido 
whatever either to the blood-pressure or to the one thing necessary for safety, which js 
to keep it regular ; and it has been shown above that the pulse is of no value as a sign of 
approaching danger, since it is only affected dangerously («) when the respiration has been inter. 
fered with or (0) by an overdose, Lastly, in order to keep the breathing regular, the whole of 
the administrator’s attention must be concentrated upon this point alone ; and it is therefore 





cleur that if, as is now recommended in most of the text-books, part of the chloroformist’s atten- 
tion is to be given to the pulse, an important eloment of danger comes into the administration, 


We can no longer contend, with regard to chloroform, that the results of clinical ex- 
tions of the Hyderabad 
Commission haye brought to light a strikingly precise and complete agreement between both, 
I have stated in Tow Lancur of April 5th, 1890, that the late Mr. Syme’s and my own form 
4 continuous series amounting to more than 45,000 cases of almost daily (and often seyeral 
times a day) chloroform administration, extending from 1847 to 1890, in which the respiration 
alone was taken as a guide, without one death resulting. Mr, Roger Williams has proved in 
Tur Laxcer of February 8th, 1890, from the statistics of one of the largest hospitals in 
London, (which, he says, may be accepted as reliable ayerages of all the London hospitals), 
in which the pulse is taken as a guide, and is carefully watched as well as the respiration that 
the deaths amount to one in every 1,286 administrations. 


perience and of experimental research do not agree. The investig 






We thus see that in a long series of 
45,000 cases, extending over 40 years, in which the chloroformist’s attention was concentrated 
on the respiration alone, and in which the chloroformists were students, there were no deaths 
at all ; while in another series of 12,868 cases, in which a part of the chloroformist’s attention 
was deyoted to the pulse, and in which the chloroformists were specialists (anvesthetists), there 
were no less than 10 deaths,—a fraction oyer one in eyery 1,250 administrations. These clinical 
results correspond with the conclusions arrived at by the Hyderabad Commission, and are 
sufficient to show what a tremendous difference to the patient the mere method of administra- 
tion may make, One of the London journals, the St. James's Gazette, recently published an 
article on the question “ Is Chloroform Safe ?” and answered it by saying, “ It depends upon 
who gives it.” We now know that it does indeed depend upon who gives it, but we also 


know that any intelligent third or fourth year’s medical student may be trained to give it 
safely, so as to do good without the risk of eyil. 


I think I haye shown that the Hyderabad Commission has proyed Syme’s principles 
to be trme, The rationale of the proof and the keystone to the work of the Second Com- 


ms is to he found in the discovery of the safeguard action of the yagus nerve, and in the 
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thorough comprehension of the significance of this fact. As soon as this was demonstrated 
it became clear that chloroform and shock were not associates but incompatibles, and that 
the supposed capricious action of chloroform upon the heart was due either to the semiladin 

effect of concentrated vapour upon the neryous system, or to the effect of asphyxial blood aa 


the nerve centres, resulting in the exclusion of the poison from the system, and not the direct 
offect of the absorbed poison upon the heart or its nerves, 


APPENDIX TO ARTICLE IN THE LANCET OF JUNE 21s1, 1890 
BY Surarox-Masor LAWRIE. f 
Tur above paper was written before the Glasgow Committeo’s criticism appeared in 


the British Medical Journal of the 14th instant. I lose no time in exposing the Committee’s 
fallacies, as I am obliged shortly to return to India, 


The first point to notice in the Glasgow Committee’s remarks is their reference to the 
paralysing effect of chloroform yapour on the muscular tissue of the heart. ‘ Chloroform 
yapour has a paralysing offect upon the muscular tissue of the heart, and indeed upon all kinds 
of protoplasm whon directly applied. When the heart of a frog is exposed to the direct action 
of chloroform yapour ‘it became rapidly weaker till it ceased beating.’ ” 


The accuracy of this 
point may be conceded as far as it goes. 


It is only necessary to supplement it by stating 
that this paralysing effect is never sudden, but always gradual, “ As regards the action on the 
mammalian heart,” the Glasgow Committee performed artificial respiration by pumping air 
saturated with chloroform into the lungs of rabbits and dogs through an opening in the trachea. 
“ Tt soon became apparent that when chloroform is given in this way there is at once a most 





serious effect upon the heart ; the right ventricle almost immediately begins to distend ; the heart 
presently stops, with the right ventricle engorged with blood.” It is evident from this deserip- 
tion that the serious effect upon the heart is not caused in the heart itself, The distension of the 
right ventricle must mean damage to the circulation through the lungs, It is the first effect 
of stasis in the lungs. Sir Joseph Lister has shown (wide Professor Roy’s paper in the Journal 
of Physiology, 1879, vol. ii., p. 823) that when chloroform is applied directly to the web of 
a frog’s foot stasis immediately takes place ; and the same effect is undoubtedly produced in 
tho same manner in the lungs and is sufficient to account for the ventricular engorgement 
which the Committee observed when they pumped air satarated with chloroform into the lungs 
of the rabbit, It is incorrect to imply that driving chloroform into the lungs brings it into 
direct contact with the heart, or that the process of pumping in the chloroformed air elimi- 
If respiration is not to be taken into consideration in ‘this 
way of giving chloroform, wo should first require to have it proved that the air driven into the 
lungs is sufficient, or sufficiently free from poison, to keep up the respiratory function 
independently of the action of the chloroform. Air saturated with chloroform cannot do this. 
Tn any case, the fact stated by the Committee—that the right ventricle was first affected by 
distension in their experiment—is proof that it was due to something outside the heart, and not 
to any direct action upon the heart itself. 


nates respiration from the inquiry.” 





[ * In Experiment 64 there are two observations of chloroform administration in which respiration as a factor is 
eliminated— Vide Fick 11 and 17.) 
31 
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‘The Glasgow Committee ask us to believe that, when air saturated with ether was 

a fa inbo's rabbit's lungs, “twenty minutes were occupied i producing anesthesia”, and that 
“pun for an indefinite period without interfering with the heart”. At the ne 
of an hour’s pumping “the heart was beating as vigorously may first”. dy is contrary to al] 
experience that twenty minutes should be occupied in aneesthetising a rabbit by means of air 
saturated with ether pumped into the lungs. The Hyderabad iS rummBsIOn made many experi. 
ments with ether, from among which I haye selected two a8 examples cof its offeet. In the first 
manometer No. 106, a pariah dog weighing 25 Ib., the tracing of which’ will be published as 
soon as possible, the administration of ether on a saturated sponge in a fairly close-fitting cap 
was commenced at 9h. 46m, 10s, on Nov, 2ist, 1889. The blood-pressure rose immediately, 
Tt began to fall again at 9h. 46m. 30s., and continued to do so till death. At 9h. 47m. the 
cornea was insensitive. At 9h. 48m. 40s, there was rattling in the trachea. At 9h, 50m, 
30s, the respiration was slow and shallow, and it stopped at 9h. 51m. At 9h. 52m. 30s. the 
pulse became imperceptible ; artificial respiration was kept up, and the dog’s body was invert- 
ed until 9h. 57m. The thorax was then opened, and the dog was found to be dead. The 
artery was cut and the pressure fell to zero. The whole experiment lasted ten minutes and 
fifty seconds, and any one who chooses to examine the tracing can verify this description of 
what occurred. The second experiment took place on Noy. 26th, 1889, on two monkeys weigh- 
ing 4 lbs. each, Nos. 129 and 130. In the first monkey, a measured quantity of chloroform was 
pumped into the lungs through an opening in the trachea by artificial respiration, much in 


it “may be given 


the manner described by the Glasgow Committee. The inhalation was begun at 4h, 2m. 37s, 
10ce. of chloroform were used in divided doses, and the heart stopped at 4h, 10m. 55s. 
The other monkey had ether in the same way. The inhalation was commenced at 4h, 2m. 
94s, 15ce, of ether in divided doses were employed, and the heart stopped at 4h. 12m. 20s, 
In the chloroform experiment 10ce. of chloroform freely diluted with air killed a monkey in 
eight minutes and eighteen seconds. In the ether experiment 15cc. of ether freely diluted 
with air killed a similar monkey in nine minutes and fifty-six seconds. The difference corre- 
sponds with the recognised difference in the strength of the two anesthetics in the ordinary 
practice of surgery. With reference to the Committee’s statement that the heart was beating 
as vigorously at the end of an hour as at first, we are not told whether there was any natural 
respiration when the ether administration was stopped, or even whether the animal was alive 3 
and in the absence of reliable information on these points we cannot consider this experiment 
trustworthy. Hither the ether which the Committee employed had lost its strength, or else 


the Committee fell into the error of supposing that because the heart was still beating the 
ether had not interfered with its action. 


The same vigorous action of the heart after prolonged anesthesia, brought forward by 
the Committee in favour of ether, recently came under my notice with chloroform. On May 
28th, 1890, air saturated with chloroform was administered to a rabbit in my presence, in 
precisely the same way as that described by the Glascow Committee. The administration 
was begun at 12h. 59m. 40s, At Th. Om. 20s. the inhalation was stopped. There was n0 
” zen natural breathing, and the blood-pressure had fallen nearly to zero. Artificial 

espiration was commenced at 1h, Om, 30s., and continued till 1h, 5m. 5s,, when the artery 
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was cut and the rabbit was thrown aside dead. The thorax was opened at 1h, 5m, 50s., and 
the heart was seen by several competent observers “ beating vigorously and rhythmically”. 
At 1h. 15m., it is noted, “heart still beating rhythmically ; auricles and ventricles both 
contracting strongly, but the action of the ventricle is intermittent”. At 2h. 5m., one hour 
after death, the auricles were rhythmically beating ; the ventricles were still. This continued 
till 3 o’clock, two hours after death, after which no more notes were taken, In the face of 
these facts we cannot accept the vague statements of experiments which the Glasgow Com- 
mittee first brought forward in 1879, and haye repeated without confirmation in 1890, 


The next part of the Glasgow Committeo’s paper deals with the manometer experiments 
of the Commission. I may observe that in all the manometer experiments of the Commission 
every event which is marked in the Ludwig tracings was written on the tracings, as the drum 
revolved, at the time it actually occurred. The Committee says :—* In the first place, in 
Experiments 103, 119, and 157 we have sudden’ falls of pressure, and opposite some of these, 
not all, there is the note, ‘holding breath’. But these sudden falls of pressure are not con- 


fined to occasions when the animal held its breath.” 


This must mean, if it has any meaning at all, that some of the sudden falls of pressure 
in tracings 103, 119, and 157 (which will shortly be published) are not accounted for, and 
are due to some effect on the heart which the Commission overlooked. As a matter of fact, 
all the sudden falls of pressure in the three tracings were due (1) to holding the breath ; 
(2) to struggling, which interferes with respiration ; (3) to asphyxia ; or (4) to electrical 
stimulation of the vagus. This is clearly stated on the tracings, and the Glasgow Committee 
ought not to haye endeavoured to make a point by omitting to say so, in describing the 
inferences which they think may be drawn from any of these sudden falls. 


The Committee proceed: ‘Turning to experiments referred to in section 12," where 
the breathing was artificially interrupted, we have been astonished to find that the traces do 
not bear out the statements of that paragraph.” It is impossible in this short abstract to 
follow the Glasgow Committee through the quotations which are put forward as “fac! ” to 
substantiate the assertion that the tracings do not bear out the statements in section 12, 
The complete report—with the whole of the tracings taken by the Commission—will shortly 
be published, and an examination of those tracings which the Glasgow Committee refer to 
will show that their assertion is inaccurate. One example of their inaccuracy must suffice. 
The Committee states “at Fick 7 (Bxperiment 150) we have ‘mouth closed,’ but there is 
scarcely any effect on the blood-pressure, and very little on the pulsation.” It is distinctly 
shown on the Ludwig tracing that Fick 7 began at 12h, 17m. 12s. and ended at 12h, 17m. 40s, 





* Section 12 is as follows :—Complete, or almost complete, asphyxia, as by forcibly closing the nose and month, orclosing 

the tracheal tube after tracheotomy has an effect similar to, but more marked than, ine produced by holding the a 
and the character of the trace corresponds precisely to that produced by irritation of the peripheral end of the cut vagus. ‘ 

ve falls extremely rapidly, sometimes almost to zero, and the heart’s action becomes excessively slow or, even stops for a 

fer with the photographic reproduction of trace A of the Glasgow 


i i red. 

few seconds. If the Fick trace of Experiment 148 be compa: : : 

crate it will be seen that they are identical, and that the slow action of the heart with great fall of presst which 
» ALT, 


the Glasgow Committee attributed to some capricious action of chloroform upon the heart, was undoubtedly due to asphysia. 
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ie month and nose wore not closed till 12h. 17m. 35s.—-just five seconds before the end 


of, and therefore too late to produce any marked offect in, the Fick reading. But the 
effect is well shown in the continuation of the observation on the Ludwig manometer, Tho 
Glasgow Committee have had every possible opportunity of examining: the original tracings, 
and an inaccurate quotation such as that which I have called attention to is no less misleading 


than it is, from a scientific point of view, indefensible. 


I make no comment on the comparison of the Commission’s Experiment 148 with 
the Glasgow trace. All the tracings of Hxperiment 148 are published above, and anybody 
can form his own opinion about them, and about the Committee's observations on them, 


The Committee next confuse the fall of pressure due to ordinary chloroform inhalation 
with the fall due to interference with the respiration. The Hyderabad Commission hayo 
stated that the fall of pressure and slowing of the pulse, from either involuntary holding of the 
breath or from asphyxia in chloroform inhalation, are due to vagus stimulation, reflex or 
direct. Tho Commission has given no opinion as to the cause of the fall produced by diluted 
chloroform alone. It is obvious, from all their experiments, that the effects of chloroform 
are first exerted upon the neryous tissues, the vaso-motor centre is very soon inyolyed, the 
respiratory centre becomes paralysed, then the muscular tissues become affected, and last of 
all the heart. The fall of blood-pressure becomes dangerous if pushed to the point of paralysis 
of the respiratory centre. After this point is passed, if the poisoning with chloroform still 
continues, the fall becomes much more rapidly dangerous; the nutrition of the heart is 
profoundly interfered with, and the deprivation of oxygen produced by the paralysis of the 
respiratory centre causes it to gradually cease to act. The Glasgow Committeo contend that: 
“when chloroform is pushed, whether the mouth and nose be held or not, the blood-pressure falls, 
and there is the additional fact that this seems to depend very little on the action of the vagi”. 
In support of this contention—which the Hyderabad Commission do not altogether dispute—the 
Committee quote from Fick readings 3 and 6 of Bxperiment 151. But Vick 3 of No. 151 is 
a reading during simple smothering, the vagi being intact. ‘The effect of the smothering is to 
almost immediately lower the pressure about 25 millimétres, and to slow the pulse from 72 to 
31 per minute at the same time. After the vagi are cut, when asphyxia is again produced by 
smothering (vide Wick 6), the effect is to accelerate the pulse to 105 per minute, while the 
reasuze only falls about 5 millimétres. This difference is most assuredly due to the division 
is the yagi, and yet the Committee assert that the slight fall with rapid pulse in Fick 6 is 

ue ie asphywia curve”, and depends “ very little on the action of the yagi”. In this con- 
ues it may be well to notice what the Galasgow Committee haye to say with regard to 
a The Committee refer to the Hyderabad Commission’s discovery of the safeguard 
action of the yagus, in chloroform poisoning, and remark that when the inhibitory action of 


_ the yagus is brought into play less chloroform is conveyed to the nerve centres ; and, further, 


eee ae ceases, or the #87) becomes exhausted, the heart “bounds on again, and 
conyeyed to Mee Nees LY saturated with chloroform, and an overdose is at once 
ae aa centres”, The Committee continue : “ This ingenious view ins much 
a » and “it undoubtedly explains the beneficial action of atropine as an adjunct 
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chloroform administration. The action of atropine is to paralyse the vagus and produce the 
same dangerous condition as when the nerve is exhausted. If the Committee regard the 
effect of atropine as beneficial they must intend to conyey that the inhibitory action of 
the vagus is a danger in chloroform administration when atropine is not used, ie. that 
the normal action of a healthy nerve is dangerous to life. The greatest living physio- 
logists are agreed that the inhibitory action of a nerve like the vagus is not a danger 
to the organ inhibited, and the Hyderabad Commission goes a step further and shows 
that it may be a safeguard to the organism in poisoning by an anmsthetic. If the views of 
the Glasgow Committee are right, then a patient is in much less danger with the pulse at 105, 
carrying 105 atoms of chloroform to the medulla in a minute, than he is when the pulse is 31 
and only 31 atoms of chloroform are being conyeyed to the medulla in a minute, This is 
manifestly an absurdity, In actual practico the amount of atropine employed as an adjunct to 
chloroform administration would probably be so small as to be immaterial ; but, if it produces 
any offect at all, it must be to do more harm than good. 


. 

The Glasgow CGommittee’s tracings have been reproduced in the British Medical 
Journal, They are given aboye for the sake of comparison with tracings 148 and others of the 
Hyderabad Commission. The Committee state that in the experiment which furnished Tracing 
( the chloroform was administered “ by a cloth saturated with the agent being held over the 
mouth and nose.” Thigexactly bears ont the conclusion of the Commission. The animal got 
chloroform with insufficient air, and the ‘ Glasgow trace >, which the Hyderabad Commission 
rain in their experiments, was due to the stimulation of the nerve 


produced oyer and oyer as 
centres with asphyxial blood. It only remains to add that the Glasgow Committee’s remarks 
on the condition of an animal whose pressure is “ minus ” require explanation. As they stand, 
it looks as if the Committee were describing the existence of pulse and respiration curves, as, 
indeed, they are represent ed in Trace 0, below the basement or true zero line, the line of no 
pressure, which is, of course, an impossibility. The animal in Trace O was never in any danger 
except from the improper manner in which the chloroform was administered to it. Tt did not 
die; and the Committee’s argument about the danger of chloroform to the heart, which is 
based upon the faulty tracing, has its foundation, not in physiology, but solely in imagination. 


In their practical conclusions the Glasgow Committee say : “* We think the Hyderabad 
Commission attach too much importance to one common mode of death—failure of the respira- 
tory centres ; and while we agree generally with their conclusions, which in many respects are 
similar to our own, we consider it unwise and unsafe in practice to pay no attention to the state 
of the circulation, and to observe respiration alone. We also consider it unwise to convey to 
the public, even through the profession, the notion that the administration of ‘ehigeatony isa 
proceeding in which there is practically no danger.” The statistics T haye given elsewhere 
prove the great danger in chloroform administration of dividing the attention botwween the 
respiration and the circulation. For this danger the report of the Glasgow Commamiea in 
1879 must be held to be very largely responsible, The Committee now argue as if it were 
wise to keep up the unfounded dread of chloroform the public haye aoqmined, 80 that whenever 
an operation is about to be performed under chloroform the patient is nearly frightened to 
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death beforehand, not by the operation itself, but by terror of the effect of the anwsthotio, 
The Committee state finally : “Asa matter of common prudence, ana especially Seeing that 
when respiration fails we can employ artificial means for als) restoration, whilo if the heart 
fails, little or nothing can be done to ayert a {ital issn, it is inoumbent on every one giving 
chloroform to watch both the pulse and the breathing.” If this statement is to be acted upon; 
it is incumbent on every one giving chloroform to watch the pulse for heart failure, in spite of 
the fact recorded hy the Committee themsolves, that “if the heart fails, little or nothing can be 
done to avert a fatal issue.” No teaching could possibly he more dangerous. Without deny- 
ing that there may be conditions of the heart in which failure and death may oceur in some 
of the processes connected with chloroform administration, just as aman with a certain 
condition of heart may die of heart failure from running to catch a railway train, the Hyder. 
abad Commission has shown that sudden death from stoppage of the heart is not a risk of 
chloroform itself, Ifthe surgeon is to have constantly before his mind the fear of the sudden 
death of his patient by stoppage of the heart from the mere action of chloroform, and is to 
carefully watch the pulse for signs which can only haye a fatal issue, it is a physical impossi- 
bility for him to concentrate his’ attention on the warnings given by the respiration, by which 
alone danger can invariably be ayerted, The teaching of the Glasgow Committee is wrong, 
and if it is followed deaths with chloroform will be as inevitable in the future as they haye 
been under the same circumstances in the past. 


LETTER FROM Dr. R. M. WHITTINGTON LOWE, mp. 


To tHe Eprrors or “Tae Lancer”. 


Sims,—I have read with much interest and pleasure the paper by Surgeon-Major 

Lawrie in your last issue, and only on one point do I venture to point out what appears to me 
to be an injustice to the teaching of our great master, Sir James Y. Simpson. Surgeon-Major 
Lawrie very properly tells us how Professor Syme used to insist on watching the respiration 
and taking that as the guide in the administration of chloroform ; but Sir James Simpson 
was strong on this point as early as 1847, that is to say, very soon after he began to use 
chloroform, The Hyderabad Commission, generously conceived as it was, and ably carried out 
as it has heen, has, nevertheless, done little more than to impress on the world at largo what 
we haye been taught at Edinburgh University since Simpson introduced chloroform some fifty 
years ago, Yet how slow has been the spread of that teaching, When did we ever see @ 
stethoscope used in examination before the administration of chloroform? When did we ever 
see an inhaler, except those on Simpson’s lecture table?—for which he had an. affectionate 
regard as valuable antiques. When have we seen the chloroform measured out drachm by 
drachm ? Does not all this go to show that we wero correctly taught to judge by the respirde 
Meena Hag of the chloroform and not by any rule of thumb as to the condition of tlie 
Eola pulse or quantity given Gh chloroform ? Tt has often occurred to me that supposits 
@ had! a case of sudden death while a patient was under the influence of chloroform (not 
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necessarily the result of the anssthotic—see Simpson on Anmsthesia) here in England, probably 
the first question of the coroner would be “ How much chloroform was administered ?” and how 
supremely ignorant and careless one would be considered if the answer given was “I haye no 
idea”, yet it would bo a proper reply to a foolish quostion, This is a point deserving attention. 
As regards disease of the heart, Simpson says: “ Valvular diseases are those which are most 
generally considered and insisted on as contra-indicating the use of chloroform. But this is 


teally not the case, for that agent may be employed without the least danger in any valvular 
disease except, perhaps, disease of the mitral yalve There is, perhaps, no necessity for 
this dread after all.” (Simpson's “ Anesthesia,” p, 182.) No one can cherish a more grateful 


Yemembrance of the teaching and personal kindness of Professor Syme than I do, but it was 
Simpson who taught us, first, that chloroform should be pure ; secondly, that in administering 
it there should be a free dilution of the yapour with atmospheric air ; thirdly, not to use an 


inhaler ; fourthly, to watch the respiration and beware of stertor ; and, fifthly, not to think 
about the quantity but the effects of the chloroform, 


Tam, Sirs, yours truly, 


Brighton, June 24th., 1890. R. WHITTINGTON LOWE, m,n, 


LETTER FROM Surezon H. CHESTER NANCE, 
To rae Eprrors or “Tae Lancer”, 


Sirs,—I can emphatically endorse all you say in your admirable annotation of May 3rd 
that “the ever-recurring paragraphs detailing death while under chloroform too often escape 
due notice”. During an experience as house surgeon extending over nine years in this and 
other hospitals it has fallen to my duty to administer anmsthetics constantly, As I take the 
deepest interest in the subject, I hope, 1 may be excused for writing to you on it, It is 
surprising to me how any one can adyoeate chloroform in preference to ether, ‘The number of 
deaths from chloroform recorded in The Lancet and British Medical Journal during the last 
three years is as follows: Sixteen in 1887, twelye in 1888, and thirteen in 1889, In the 
same period the same journals only record three deaths from ether, and but one from nitrous 
oxide. Again, in a report published in Paris, mentioned in your issue of April 12th, accidents 
due to chloroform are 1 in 1,236, whereas those from ether are but 1 in 12,581 cases. These 
facts surely speak for themselves. 


In Tue Lancer of Oct. 19th, 1889, under the heading “ Deaths under Chloroform ™, 
you describe two deaths,—one in a child four years old, When resident medical officer at 
Pondlebury I administered ether to children from six years upwards, and can testify to its 
safety for them, and in the hospital here I have administered it to old men up to eighty in 
long cases of litholapaxy, and to men of eighty-two in strangulated hernia, Iam told by 
tho staff here that at no period of its history has a death been recorded from an anwsthotic, 
Bther is always used, unless contra-indicated. The chief reason why chloroform is given is 
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pecause other is far more difficult to administer thon giibrororm, If ether is to bo ran 
with satisfaction it yequires an inhaler, and special instruction in the use of it, But ether 
always gives warning of danger, whereas under i ree aa hey sudden death, 
One point I would strongly urge 1s BNIES to have ¥ sufficient variety a anzestheties on 
a table at hand, vs., chloroform, ether, A.O.B., paren, Latterly I have added Messrs, 
Bartts’ improved Clover’s gas and ether inhaler. No one can predict with certainty 
which anesthetic the patient will take best. I have had cases (Generally aleoholic pationts), 
where ether caused struggling and great excitement, but after Clover’s inhaler had been 
changed for Ormsby’s, with A,C.E., the patient quietly and cual wont under; in such 
cases chloroform should never be given, Itisa pity that A.C.H. is not more generally used; 
for when ether fails to stimulate it is most valuable, as in oyariotomies and such like 
protracted cases, 

In reference to* inhalers, I am sure none can compare with Clover’s for ether; with 
it the exact percentage required can be given. Ormsby’s is the best for A.C.E, mixture, 
Messrs, Bartts have lately made a hinged cap for me, whereby the mixture can be poured 
on to the sponge without removing the cap, for small quantities constantly put in are 
preferable to a large amount. Caution is needed in using the inhaler, for the alcohol and 
ethor yolatilise more rapidly than the denser vapour of chloroform. For chloroform admin- 
istration nothing is better than a double piece of lint, whereby plenty of atmospheric air 
can be given. I have noticed five deaths where metal inhalers have been used, I have 
witnessed soveral deaths from chloroform, though I am thankful to say that none haye oceur- 
red in my own practice, and I am convinced that they were due to an overdose and not due to 
shock from too little being given ; and IT would here draw attention to Dr. Hewett’s admirable 
letter in your issue of March 1st, wherein he mentions a case of syncope arising from deep 
chloroform narcosis, where he went on with ether for the remainder of the operation. Surgeons 
now-a-days expect too much from anesthetics. Profound anesthesia cannot be maintained for 
1} or 2 hours without great danger occasionally, and there are many cases where it suffices to 
keep the patient on the verge of returning consciousness, ¢,y., sequestrotomies and similar 
tedious but not delicate operations. 


L would conclude by saying that ether should be always given betweon the ages of 
sixteen and sixty, except there is some good reason to the contrary, such as pulmonary, renal 
or arterial disease. Neyer, upon any consideration whatever, should chloroform be given for 
dental cases, It is always dangerous in the sitting posture for anything. I must apologise 
for taking up so much of your yaluable space, but my excuse must be the immense importance 
of the subject and the alarming mortality of chloroform. 


Tam, Sirs, your obedient servant, 


H, CHESTER NANCE, 


Norwich and Norfolk Hospital, House Surgeon. 
Norwich, June 9th, 1890. 


es 


* Vi i : 
ae rane ee Lancet, vol. ii,, p. 1220, 1888. Dr. Squire’s communication on his giving ether for Liston in 1845, and 
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LETTER FROM Dr. Wu, HORROCKS, F.r.0.8, 


To ram Eprrors or “THe Lanonr.” 


Smns,—Tho subject of anesthetics is of such importance to surgeons that every dotail 
in its administration must be criticised and discussed as thoroughly as possible. In your last 
issue Mr, Nance in.a very practical letter writes, among other things, of the use of Oloyers’ 
inhaler. My own experience, after five years of surgical hospital residence, leads me to 
think unfavourably of that form of inhaler. In producing anzsthesia with it, the patient 
breathes and rebreathes his own oxhaled air, Hyon if the air in the bag is constantly 
changed one frequently notices the marked cyanosis of the patient, denoting carbonic acid 
asphyxia as well as etherisation, This has been very forcibly impressed on me lately by a caso 
of operation for intestinal obstruction, where the ethor was given in a Cloyer’s inhaler, with 
a free admixture of air, Towards the end of the operation there was marked cyanosis, and 
after partially recovering the patient died. It is but fair to state that the patient was sixty- 
three years of age, that the anmsthesia lasted rather over an hour, and that the pulse before 
the operation, although fair, was somewhat irregular, Allowing for all these factors, the 
opinion of the anmsthetist that the constructive fault of the inhaler contributed in no slight 
degree in causing death was concurred in by those present at the operation, 





I am, Sirs, faithfully yours, 
Wma, HORROCKS, Faas, 
Bradford, July 7th, 1890. 





LETTER FROM Dr, C. RUATA, 


To tae Eprrors or “Tae Lancer.” 


Sms,—I haye read with great interest the Report of the Second Hyderabad Chloro- 
form Commission, published in The Lancet of June 21st last, the more so as their results agree 
with those which I obtained after a long series of experiments which I performed during the 
years 1885-86, with the object of ascertaining the “influence of anesthetics on the respiration,” 
The manner of experimenting which I adopted was mainly as follows. A canula is connected 
by olastic tubos at ono end with a bottle containing pieces of sponge saturated with the 
anesthetics, at the bottom of which is inserted a tube for pumping the air from without ; the 
other end of the canula is attached to a second canula, inserted into the trachea, and fastened 
to it. ‘Tho main canula has two tubes springing from it, one communicating with tho air 
and the othor with a style which writes ona revolving drum, The mouth of the tube com- 
municating with the anmsthetic has a yalye which opens during inspiration and is shut during 
expiration; the tubo communicating with tho air has a valve which opens during expiration 
and remains shut during inspiration, This arrangement allows the air passing through the 
sponge charged with the anesthetic to enter the lungs, and does not permit tho air expired 
to entor the bottle containing the anesthetic, 

T onclose two pamphlets, which I published in 1886, in which you may see some selec- 


tions from the different tracings I obtained, ‘The conclusions I arrived at by this modo of 
82 











imenting with ether and chloroform are the following —() That by administering the 
two anesthetics in the manner explained, when doath ensues, it is always causod by orreat 
frslly. of tho respiration, and afterwards of the heart. (2) That in all the animals experi- 
mmonted upon (rabbits, cats, an d dogs) chloroform acts most powerfully on the respiration, 
stopping it most surely if, after the animal is completely ancesthotised, the anesthetic js 
continued for some time, (3) That ether stops the respiration in frogs, rabbits, and cats, but 
its effects are moro fugacious, so much so that the respiration is easily restored by employing 
the direct artificial respiration, (4) That ether does not stop the respiration of dogs, even 
after a continuous and prolonged administration of three hours, (5) That for theso reasons 
ether is much safer than chloroform, This applies to animals; and if the samo laws arg 
applicable to man, I agree entirely with the Hyderabad Commission on the practical point 
that it is not the pulso that is the guide in anwsthetising, but the respiration, In regard to 
artificial respiration, that which I call direct artificial respiration consists simply in applying 
the mouth of the operator to the tube which communicates with the trachea, and expiring and 
inspiring, just as in normal respiration. This tube, as I noted before, has a lateral tube 
communicating with the external air, thus establishing a lateral current by which all the air 
contained in the lungs is pumped out by the operator's inspiration, and new pure air is pumped 
into the lungs with his expiration, By this means I succeeded in resuscitating all my dogs 
and rabbits, even though three minutes had elapsed after stoppage of the respiration ; while 
with any other method of artificial respiration until now employed (/ndirect), not only could I 
not succeed in such cases, but in the great majority of cases the éndérect artificial respiration 
was unsuccessful, eyen directly after the stoppage of respiration, To me this kind of diréct 
artificial respiration was the most striking feature of my experiments, and I proposed to 
adopt it in the case of man, This is yery easily done by a metallic canula, conveniently 
curyed at one end, like a common catheter, and provided with a lateral tube in order to 
establish the lateral current, The curved end, which is cut like the end of a Ferguson’s 
speculum, is easily introduced into the trachea through the mouth and by the operator applying 
his mouth,—or, if objectionable, a pumping apparatus,—to the other end, natural respiration is 
imitated. I am quite satisfied that no other form of artificial respiration equals this inefficacy. 
As to us manner of its physiological action, I think that not only by this method is all the 
anesthetic in the lung directly pumped out, but that the pure air pumped into it has a vivify- 


ing action on the nerye endings in the lungs, which are paralysed before paralysis of the 
centres of respiration sets in, 


I remain, Sirs, most faithfully yours, 


CG, RUATA, 


Prof, of Materi ice rugi iyersi 
July 2nd, 1890, ateria Medica to Perugia University. 
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LETTER FROM JOHN HOPE POTTER, Eso. 


To tHe Eprrors or “Tae Lancer,” 


Sims,—Surgeon-Major Lawrie, in his interesting article published in The Lancet of 
June 21st, evidently contends that the sudden fall in blood-pressure during the administration 
of chloroform is invariably due to a condition of asphyxia, though he admits a gradual fall 
in blood-pressure, unattended with danger, during the administration of this anesthetic, 
I would call the attention of your readers to the fact that the condition which often ensues 
on the administration of chloroform is a condition of which the most apparent yisible sign is 
pallor ; asphyxia is not, however, accompanied with pallor, but with distension of systemic 
veins consequent on contraction of small arteries, and increase of arterial tension (blood~ 
pressure raised), which condition again is consequent on stimulation of the yaso-motor centre 
due to circulation of blood deficient in oxygen. Now, this sequence of events in asphyxia 
produces a visible condition of lividity quite different from the pallor which is the danger 
signal in chloroform administration, In fact, to recapitulate, we have in asphyxia increased 
blood-pressure with lividity ; in fatal chloroform narcosis we haye the opposite condition, wz. 
diminished blood-pressure with pallor, It appears to me the contention of Surgeon-Major 
Lawrio—that the danger is due to asphyxia, and not to the direct action of the chloroform 
yapour—is quite erroneous, 





Lam, Sirs, yours truly, 


JOHN HOPE POTTER, 
Cullompton, Devon, June 30th, 1890, 





LETTER FROM Suraxon-Masor EDWARD LAWRIE. 


To vam Eprrors or “Tae Lancer.” 


Sins—In Zhe Lancet of July 19th, 1890, Mr. John Hope Potter states that the 
Hyderabad Chloroform Commission contend that “ the sudden fall in blood-pressure Ghats 
the administration of chloroform is invariably due to a condition of asphyxia.” This is a mistakes 
Tn the paper published by me, as Prosident of the Hyderabad Chloroform Commission, in The 
Lancet of June 2ist, 1890, it is contended that the sudden falls of blood-pressure, with pallor, 
which are observed during the improper administration of chloroform, are invariably dua to 
reflex or direct stimulation of the vagus, and that while this action of the vagus 1s in itself a 
safoguard, it always shows that the anesthetic has been administered with insufficient air. ithe 
Hyderabad Commission has proved that asphyxia is only dangerous in chloroform adminis+ 
tration because it makes people gasp. Mr. Potter further asserts that asphyxia raises the blood- 
pressure, and that this is consequent on stimulation of the yaso-motor centre, The traaings of 
the experiments of the Hyderabad Commission domonstrato that, contrary to the BROC! 
accepted beliof, asphyxia lowers the blood-pressure. ‘This is a strict accordance with what 
common sense would lead us to expect. Itis evident that to raise the blood-pressure re to henalit 
the organism, and it cannot be said that asphyxia is ever beneficial. Mr, Potter is in error in 
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supposing that asphyxia stimulates the yaso-motor centre. It is more probable that it panel 
that contre and stimulates the respiratory centre, Chloroform, on the other hand, paral seg 
oth centres, Fortunately, it effects the respiratory centre most deeply first, so that Si 
danger of overdosing arises warnings aro given by the respiration, whereby that danger can 
invariably be averted, 


The most important result of the labours of the Hyderabad Chloroform Commission has 
undoubtedly been to establish the proof that chloroform has never, under any circumstances 
whatever, a direct action upon the human heart ; and not the least important of the results of 
the Commission’s work consists in the exposure of some of the sham physiology which has 
passed current as genuine for the last ten years. Not to speak of the condition of animals with 
the blood-pressure “ minus,” it is a well nigh irreparable misfortune that a whole generation of 
our profession should haye been taught such physiological untruth as that the normal action 
of the yagus nerve is to imperil and occasionally to destroy life ; and it is degrading to reflect 
that one of the main uses to which this false knowledge has been applied in England since 1879 
has been to throw dustin the eyes of the public, when coroners’ inquests are held on the 
yictims of chloroform administered in accordance with the ‘erroneous principles adyocated by 
the Glasgow Committee, 


T am, Sirs, your obedient servant, 
EDWARD LAWRIB, Surgeon-Major, 


President, Hyderabad Chloroform Commission, 
Hyderabad, Aug, 1890, 





LETTER FROM Dr, ARTHUR H, W. HUNT, mr,c.s., &o. 


To tux Eprrors or “THe Lanonr,” 


Sims,—I send youn few particulars ofa recent death at the Wolverhampton and 


Staffordshire General Hospital from the administration of other, in which the patient died 
of syncope, and not from failure of the respiratory function, 


A young man aged twenty was admitted under Mr, Vincent Jackson on June 19th 


last. He was a miller by trade, and sought reliof from a swelling at the upper and outer side 
of his left leg, He was a stout, flabby man, and rather anemic. The swelling turned out 
to be a chronic abscess, Preyiously to thishe had always been healthy. The abscoss was 
opened soon after admission, under chloroform, and another, which appeared a few weeks later 


Was opened under nitrous oxide. In addition to these, two other abscesses were opened 
without an anzgthetic, 


Last week it was found necessary to again place him under an anwsthetic, in order t0 


slit open a couple of sinuses. The house 
surgeon were present. ‘The house physician pro 


ich had been successfully used for other patients, It was obtained from 





253 


Robbins, Oxford-Street, London, Deceased was not deeply under ether when I commenced and 
finished the operation, which only lasted two or three minutes. At no time was the ether on 
beyond the mark 8 on the inhaler. On tolling the house physician I had finished the inhaler 
was put aside, and I commenced to dress the wound, After breathing normally seyeral 
times decoased moaned, and then turned pale and ceased breathing. At the same time his 
pupils dilated, The tongue was at once drawn out with forceps, and artificial respiration 
begun. The chest was slapped with a wet towel, and hypodermic injections of ether and brandy 
administered. In addition a battery which was at hand was applied. Artificial respiration 
was kept up for forty minutes, but was of no avail, ‘The post-mortem examination was made 
by Mr. Vincent Jackson, at the request of the coroner, There was a considerable layer of fat 
oyer the chest, and the muscles were paler than natural. Both lungs were healthy, but there 


were some old adhesions in the right pleural cayity, The heart was unduly covered with fat 


especially at its apex. The right side was dilated and full of blood, the left empty and contract- 
ed. ‘Tho walls of the right ventricle were thin, ‘Tho valves were healthy. The heart muscle 
was very pale and soft, A small piece examined under the microseope showed marked futty 
changes, ‘The jury returned a yerdict accordingly. 


This caso is interesting, first, because it is opposed to the view that death from ether 
takes place from asphyxia ; and, secondly, from its sudden fatal termination, without any_ 
previous warning. 


I am, Sirs, yours faithfully, 


ARTHUR H, W. HUNT, m2.0.s,, &., 


Wolverhampton, Sept. 2nd, 1890. House Surgeon to the Hospital. 





OBSERVATIONS on the ADMINISTRATION and DANGERS of AN AiS- 
THETICS, by Janzs Dunzor, u.p., Surgeon to the Royal Infirmary, 
Professor of Surgery at Anderson’s College, and Medical Examiner in 
Criminal Cases, Glasgow. 


Tn view of the recent development of this subject, circulars asking for information upon 
it have been issued by Lhe Lancet to scientific medical men throughout the world. This cir- 
cular has stimulated Dr. Dunlop to record the results of his observations on the subject made in 
wards 15, 28 and 24 of the Glasgow Royal Infirmary during the last ten years, and to state 
his opinions thereupon. 


Allowing of unrecorded eases in these wards, the following opinions are based on observa- 
tions of 8,500 cases within the specified period. To produce aneesthesia in this number of 
patients, chloroform has been principally used, In the MSR AED the drop method was 
adopted. Ether was sometimes employed ; its use by Olover 8 apparatia was begun on March 
8th, 1882. Its use was greatly dependent on the skill and ability of the assistant, some 
assistants administering tho drug with greater skill than, others. Ina general way ether 
was administered in the proportion of one case of ether to thirty cases of chloroform, ther 














was employed preferably in cases of debility from long-standing disease of joints or from 
~ Joss of blood in severe railway smashes or machinery injuries. This drug, however, was 
found unsuitable in operations for hernia, lithotomy, reduction of dislocations, rectal operations, 
and in persons suffering from pulmonary or bronchitic ailments, or addicted to habits of 
ntemperance. 


Referring to the relative dangers of yarious anesthetics at the operation or after the 
operation, Dr. Dunlop remarks that “ chloroform is never absolutely safe, no matter how care 
fully or how skilfully it might be administered. Chloroform is much more dangerous than 
ether during operations ; but after operations ether is more dangerous to life than chloroform 
from bronchitis or pneumonia setting in. It may be said that when pneumonia or bronchitis 

follows, the ether was badly administered, That may haye been so. It is much more difficult 
to administer ether accurately than to administer chloroform accurately.” On two occasions 
recently he encountered great difficulty with ether. In one case the breathing had almost 
ceased, and the pulse failed, The young woman’s face had become blanched. She was dying 
not from asphyxia, but from weak heart action. The remainder of Dr. Dunlop's remarks aro 
as follows :— 


Byery intelligent assistant I have had during the last ten years has felt happier during 
an operation when ether was used than when chloroform was administered. I have not seen 
any deaths from ether or chloroform for ten years ; but I have seen many patients both in 
hospital and in private practice in very imminent danger to life during the administration of 
chloroform, the symptoms in some instances being those of impending asphyxia, in others 
those of defective heart action. I have laid down for my own guidance as a surgeon the rule 
neyer to haye chloroform administered to a patient in my own house, eyen by the patient's 


own medical man, It is an extremely awkward and painful experience for a surgeon to haye 
a death from chloroform in his own consulting-room, 


A patient coming from the country, accompanied by the family doctor to administer 
chloroform in a surgeon’s consulting-room, the patient to have an examination for stone, or 
the excision of a wen, or a reduction of dislocation at the elbow, or the breaking down of 
joint adhesions, is usually in a yery unfavourable and unsafe condition for chloroforming. 
The patient is probably hot, anxious, excited, nervous, and tightly clothed, and at an early 
stage of the administration of the anesthetic by the family doctor symptoms of heart danger 
suddenly appear, and death ensues. It is really much safer for such a patient’s life to have 
him rest for a time in a hotel or elsewhere, and to have the anmsthetic administered there 
rather than in the surgeon’s house. Under no circumstances, and for many reasons, should 
chloroform be administered by a medical man without at least a third party being present. 
Again, I neyer now administer chloroform in a dentist’s room in dental casos, There is always 
great danger to life, and deaths haye been far too numerous in the rooms of dentists. Besides 
nitrous oxide is so much safer in the hands of dentists than chloroform. 


hh the space at my disposal it is not my intention to discuss the general accuracy of 
what 1s tormed Syme’s views on the administration of chloroform, or to consider the coB- 
clusions arriyed at by the Hyderabad Commission, which are based on experiments performed 
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on Indian dogs and monkeys. To help Zhe Lancet in its consideration of the question, how 
to save people’s lives? I desire to contribute some evidence on the other question, why and 
how do some people die under the influence of chloroform ? 


During the last twenty years in conjunction with my colleague, Dr, Moore, as 
one of the medico-legal examiners for the city of Glasgow, I have had exceptionally favour- 
able opportunities of acquiring experience of the fatal results following chloroform administra- 
tion. In these years there has been a considerable number of deaths of individuals while under 
the influence of chloroform, The deaths which were made the subject of post-mortem examin- 
ation, took place in the Royal and Western Infirmaries, in the hospital of the Barnhill Poor 
house, in the operating rooms of dentists and consulting-rooms and elsewhere of private practi- 
tioners in the city and suburbs of Glasgow, within the county of Lanark, A careful study 
of such details as are before me leads me to the conclusion that considering the population, its 
numbers and character under medical treatment, and subjected to chloroform, the proportion 
of fatal cases is very small, probably not more than from two and a-half to three per annum, 
Within the last ten years the deaths under chloroform haye been more numerous than they 
had been in the previous decade. There haye been, however, at least eight or nine deaths 
since January Ist, 1888, and of these seyen were the subject of post-mortem examination, 
and in all, so far as I can learn, it was the respiration that was watched and not the pulse, 
The respiration gave no signs or warning of approaching danger, It was noted that the fatal 
results occurred in the young and middle-aged, not in children or yery old men, and in females 
as well as males, It was further noted that some forms of surgical procedure had some pecu- 
liar influence in predisposing toa fatal result, such as operations upon joints, not, however, 
involving the use of tho knife. Two individuals died who were haying dislocations at the 
shoulders reduced, one a dislocation at the elbow, and three in breaking down adhesions within 
and about the knee-joint, In no single case was death attributable to nervous shock from 
the operation haying been begun or completed while the patient was not fully under the 
influence of the anesthetic. Some of the deaths which took place while the patients were 
under chloroform were not directly due to the poisonous effects of the drug itself, but to some 
other cause. One death was due to asphyxia from vomited matter (tripe) obstructing the air 
passages, The help present was neither adequate nor skilled, and the men lost their heads. 
Another was caused by the bursting of a small pouch (aneurysmal) in the brain, a third of an 
aneurysmal pouch in tho first part of the aorta, both deaths taking place in the early period 
of the administration and while the pationt was struggling. The deaths which are to be 
distinctly charged against chloroform are, according to the post-mortem appearances, divisible 
into two distinct classes. In the one and larger class tho appearances are thoso of death by 
asphysia—death through tho lungs. In the other and fortunately smaller class, the appear 
ances are those of death by syncope,—death through failure of the heart, The proportion 
is one death from syncope to about twelve from asphyxia, I may mention here that I think the 
deaths from asphyxia ought to be to a largo extent preventable. The deaths from syncope 
are in most instances beyond the control of the highest skill and ui greatest care. In order 
to make these observations somewhat clearer I mention the following :— 


In the deaths from asphyaia the right side of the heart was full of liquid blood, not dark 
blood such as is present in asphyxia from drowning, but blood with a pinkish or magenta 
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tinge, which seems to bo characteristic of death from asphyxia by chloroform. Tho loft side 
was firmly contracted and empty, the veins Jeading 0 the right side full of blood, the lun 

behind engorged with liquid blood of a dark pinkish tint. A general engorgement of the 
veins of the liver and kidneys, and in some eases petechial spots formed by extrayasated blood 
in the serous covering of the heart and pleural lining of the ribs, and the covering of the 
lungs. We find often similar petechial spots in new-born infants, who make a struggle to 
breathe fully and freely, and fail from obstruction by pressure, &e. In the deaths from syncope, 
or failure of heart’s action, there was found a flaccid heart with all the cavities empty. No 
blood on the right sido ; no contraction of the left ventricle. There was blood in the veins ; 
the cays were distended with blood. In some instances the heart was large, soft, and fatty, 
and its tissue friable, Along with this condition of heart was noted a more or less yellow, 
soft,. fatty liver. Tn other instances there was no evidence of any disease of the heart or other 
organs ; all that was noticed was a flaccid empty heart, with venous engorgement in the lungs, 


In one fatal caso examined by Dr. Moore there was, in addition to the empty flaccid heart, ' 


eomplete adhesion all round to the pericardium. Death was due to syncope from failure of 
the heart’s action. Deaths from asphyzia, or preventable deaths, took place under two dis 
tinct sets of circumstances, In one set the administration of the chloroform was too long 
continued, The patient was too deeply under its influence from the beginning. There was 
an oyerdose, the breathing became shallower and shallower, the chest ceased to moye, tho 
diaphragm and abdominal walls only moving. The face and lips became livid, and death 
ensued in spite of artificial respiration. In the second or other set the patient was placed 
fairly under the influence of chloroform, administered with » due admixture of air, but 
during tho operation, owing to the patient appearing to come out from under its influence, a 
further dose was administered, and this dose was excessive, and the patient died, The causo 
of death was asphyxia through the lungs. This is not an uncommon blunder, even in the 
hands of skilled men, and is due to want of care in the administration and the neglect of 
watching the respiration. 


There are some conditions of lungs and other organs which render the administration 
of chloroform specially hazardous, and which increase the risk of death from asphyxia, One 
is a lung or lungs bound down to the walls of the chest and diaphragm by old adhesive bands, 
the patient haying had extensive pleurisy. The breathing capacity or yolume of the weakened 
lung being greatly diminished, a small or ordinary quantity becomes an oyerdose. With 


Iungs in this condition a very little chloroform seems to embarrass the respiratory organs and 
bring about a fatal result, 


Tn two dental cases in which chloroform was administered by experienced men, who 
had not, howeyer, examined the chests, and did not know how imperfect and unsatisfactory 
the respiratory machinery was, death ensued early in the administration and rapidly. There 
was no help at hand of a proper kind to save life by artificial respiration, I have known 
humpbacked patients giving great trouble from imperfect breathing apparatus. Another con 
dition which is embarrassing, but in a different way, is albumen in the urine—Bright’s disease. 
Tn seyeral of the fatal cases albumen was present in large quantity. Urine should always be 
examined when possible—“forewarned is forearmed,” With kidney action defective in the 
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elimination of urea, epileptiform convulsions may ocenr and death result, There are always 
danger and trouble during the administration of chloroform when albumen is present. To 
prevent death from asphyxia chloroform requires skill, experience, undivided attention, prompt 
action in time of danger, and a suitable method of administration, Ansestheties should neyer 
be administered in a close, crowded, small, ill-ventilated apartment, or side room of a ward, or 
in the lobby of an operating theatre. Neither should there be a crowd around the patient 


witnessing the operation, Several deaths had the fatal result induced or hastened by one or 
other of these conditions, 


Of the apparatus used in the administration of chloroform, based upon the evidence 
afforded by the deaths, Allis’s inhaler is the most dangerous. Next in order is the folded 
towel arrangement, and the safest of all is the drop method on flannel stretched on wire, 


Deaths from syncope or failure of heart are not common. They do, however, occur, 
and, as a rule, early in the administration, A small quantity of concentrated vapour without 
any air administered to a nervous, timid patient has proved fatal. A healthy, florid-faced 
young man had chloroform administered to him in private by a surgeon who had gained 
much experience of chloroforming in the wards of the Royal Infirmary. The chloroform was 
administered on a folded towel, three or four drachms having been poured on. While the 
g, and when he had reached the number twenty-five, his face became at once 
pale and blanched, the pupils suddenly widely dilated, no pulse was felt at the wrist. The 
young man was dead. On post-mortem examination I found his heart an empty flaccid bag. 


patient was countin 


There was no disease of any organ, and no evidence of death from asphyxia, I haye known 
a robust-looking ship captain die under precisely similar circumstances, and on post-mortem 
examination I found only an empty flaccid heart. Both men had hearts and nervous systems 
specially sensitive to chloroform, and the fatal result could not have been promded against. 
There is no possibility of discovering beforehand the existence of such a. sensitize heart. 
Weakly, flabby, thin-walled, yellow hearts, and hearts bound to the pericardium by old adhe- 
sive bands of probably rheumatic origin, are prone to become paralysed yery early in the 


administration of chloroform, 


Indian dogs and monkeys, the subjects of experiments by the Hyderabad Commission, 
do not afford the cardiac and pulmonary complications which are wien present in man, and con- 
clusions based upon such experiments, however interesting and esha they may be when 
yiewed from a purely scientific standpoint, are of very little practical importance or value as 
guides to us in the safe administration of chloroform to our patients. 


Strange as it may seem, disease of valves, hypertrophy of walls, ota of all 
kinds, give no trouble during the administration of chloroform. I suis qe ‘rom vee: 
in the operating theatre, and I haye never found any valvular disease in pr a 0 at : 
under chloroform, I have no post-mortem data of deaths fran syncope in the last period o: 
the administration of chloroform, On that point I have nothing to say. 


T have to state that after thirty years’ experience as a surgeon. in hospital 


mae ee e both of the living and the dead, J haye formed the opinion 


and in priyate practice, experienc 
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the patient’s life. risk, however, may be greatly diminished—reduced tg 

m—b accurate knowledge of the patient’s condition of body and mind and the 
| administration of the anesthetic, which includes due attention to the pulse, as well a3 
the respiration. j 


















to us the inquiry form sent out, If this has been mislaid, we will gladly furnish fresh forms. : 
The constant tale of deaths which are so lamentable surely claims of the profession some 
personal effort towards establishing a satisfactory clinical record of the behayiour of human 
beings under anesthetics, and, it may be, throwing light upon the best way to avoid. fatalities. 
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An ADDRESS on ANASSTHESIA, delivered before the International Medical 
Congress, Berlin, August, 1890, by H. C, Woop, m.p., ut.p., Philadelphia, ’ 
[Reprinted from the “ British Medical Journal,’ August 16th, 1890.) 






LETTER FROM Surczon H. HERBERT. 





Tue most brilliant modem achievements of the science and art of medicine in the 

‘ direct saving of life are connected with surgery. These great achievements haye been render- 

: Sis,—On September 10th, while performing a lateral lithotomy on an Arab boy, ; ed possible by two epoch-making discoveries—antisepsis and ansthesia, ‘The long array of 
bout sixteen years old, it was suddenly found that the patient had stopped breathing, Ho fatal cases of poisoning by carbolic acid, by iodoform, by corrosive sublimate, and by other — 

pe had been got under perfectly quietly, and he had evidently simply got too much of the anes / antiseptic agents ; the hundreds of deaths from chloroform, ether, and other anmsthetics, all 

ia) Tt was still being administered when the stoppage of respiration occurred, Artificial te: bear witness to the yerity of that strange law, in obedience to which the progress of the human 

. : iration, with head thrown back over the edge of the table and with the ammonia ¥ me race is so often at the sacrifice of the individual, Antisepsis has outgrown the dangers of its 

pee bottle at the nose, was Kept up for, I think, nearly two minutes, The time was not taken, EI youth, and to-day the measures that are meant to save very rarely kill. On the other hand, 

= _ however, and it may have been more or less. Then very feoble respiration began and gra- 4 the death roll of anmsthesia is daily added to—added to, according to my belief, at a rate that 


lually strengthened, At the beginning neither the pulse at the wrist nor heart impulse could i has not changed in forty years, Though this be true, from far-off Australia comes the = 
‘fa news that jury and judge have condemned to heavy penalty a chloroformist who had lost his : 


patient ; and in England itself a well-known medical journal lends support to such a verdict 
by affirming that “deaths from chloroform are preventable, that with due care they may be 
avoided,” and that, therefore, when they occur they are the result of ignorance and careless- 
ness, If this be true, five hundred deaths and more—the result of ignorance or carelessness | 
Five hundred surgeons, including such names as Billroth, Jaeger, Simpson, McLeod, Agnew, 
Hunter McGuire, and others of equal rank, guilty of manslaughter ! And still the carnage 
goes on. Surely, under such circumstances, the subject of ancsthesia is worthy of the attention 
even of this, the most learned medical gathering of the nations that the world can furnish. = 
Antisepsis, the gift of the Old World to humanity ; anesthesia, the gift of the New World, 
which made the fruits of antisepsis possible—surely it is fitting that I, standing here to-day 
before you all as the representative of the newer civilisation, should be the chosen mouthpiece 
for the renewed discussion of this old but pressing theme. é 


Tn attempting a fresh study of a well-threshed-out subject, propose to take advantage 


of the modorn physiological methods, and to endeavour to discoyer by experiments upon the 


lower animals how anesthetics kill, and what drugs or measures’ are most powerful in putting 
the question, How far is it possi- — 


aside their lethal effects. ‘This brings us face to face with 08 
ble to adapt experiments to the needs of practical medicine, and to reason from the dog to the 
man? A full discussion of this subject would not be opportune, but it does seem necossary for 
our purpose to devote a few minutes to the pointing out of certain general guiding principles, 
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= “the neck, Thus there is no doubt that respiration was mainly affected, and artificial breathing 
- was sufficient to bring the patient round, | 












Tam, Sirs, yours truly, 


H. HERBERT, Surgeon, IMS, 


ANNOTATION FROM THE LANCET. 





gonorally impressed by the fact that the roports furnished are not sufficiently complete. A 
ry natural feeling prompts reticence as regards the lay press, but when the immense im- 
Bapzance of the matters at issue are considered, there can be no room for hesitancy about 
- famishing the fullest reports to the professional journals, We some months ago, in connection 
eae See hy. the Hydorabad Commission, issued a circular to the profession 
ae 3 ae ‘2 cireular of inquiry, was sent to all the hospitals and dispensaries : 
ie rian ae personal genemence.of deaths under anmstheties, and yet bub com-— 
Sec the great number questioned haye found leisure to answer our appeal. — 
adm upon all hands that Mere experimentation upon the lower animals is, without — 
eee ae ee of human beings under anmsthetics, inconclusive; and this — 
a ae ; se th at different obsorvers arrive at different conclusions. We would, 
¥ Peg of our readers to furnish us with their own experience, and see that 
ies he hospitals to which they belong duly fill in and 
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a 3 It ought to be acknowledged 
‘can overthrow a clinical fact, although 


side observation seems to arise, such co! 
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clinical and experimental facts alike, and should lead to careful re-examination, No amount 
of failure to purge a dog by elaterium proves that elaterium does not purge man ; whilst a 
the other hand, the discovery that digitalis increased the blood-pressure in the lower auiitant 
yery properly led to doubt as to the correctness of the, at that time general, beliof that digi- 
talis acts upon man as a cardiac sedative, and finally to the recognition of the fa sity of the 
clinical observation upon which such belief rested. 


Whatever difficulties may beset the path of the experimental therapeutist, it is cortain 
that law is throughout the universe supreme ; that man, at least in his physical nature, is only 
an especially developed animal ; and if drugs act differently upon different animals, such 
action must be in obedience to certain laws, to us known or unknown. 


Any attempt to fairly discuss these laws would lead us too far afield for the present, 
One law, however, treads so closely upon the matter at hand this morning, that it requires 
statement, ‘This law is, that when an apparatus or system is of similar function, and of 
similar functional activity in different animals, the difference in the action of remedies is 
yery rarely, if ever, in kind, though it may be in degree. Throughout mammalia the heart 
has one general structure and one general function ; the heart of the dog responds to tho 
touch of digitalis precisely as does the heart of the man. ‘The human brain is so much more 
highly developed than the brain of the lower mammal that it is, in fact, a new organ or 
apparatus, and its relation to drugs changes with the change of structure and of function, The 
scope of this law in regard to anwsthesia is not far to seek, ‘The functions especially com- 
promised in lethal anesthesia are respiration and circulation, Surely these functions are similar 
throughout mammalia, and surely we ought to be able to safely reason concerning them from 
the dog to the man, 


Recently, however, alleged clinical facts have been challenged by high authority, upon 
the strength of experimental results, Under these circumstances, nothing must be at once 
abundoned, everything must be re-examined, ‘These re-examinations I have made, and I may 
bo pardoned, perhaps, if I affirm that a complete study of the clinical and experimental eyi- 
dence brings out, not a discord, but a most beautiful concord,—that concord between experi- 
mental and practical medicine which so often fails to appear simply because we cannot fit 
together the fragments of truth in our possession, K 


Although numerous substances haye been tried, there are to-day in use practically only 
three anwsthetics,—nitrous oxide, other and chloroform, Of these, nitrous oxide stands apart 
because it produces loss of consciousness, not by virtue of any inherent properties, but simply 
by shutting off from the nerve centres the supply of oxygen. 


F Tt has heen asserted that the changes of circulation produced by the inhalation of 
nitrous oxide are essentially different from those of mechanical asphyxia, and that therefore 
hana ape act as an asphyxiant. It must, however, be ins in mind that the 
ae moeghanical: asphyxia are largely due to the presence of an excess of carbonic 
ae A ieee in the asphyxia produced hy nitrous oxide there is no excess of eat 
‘ , 80 that the phenomena present are simply the outcome of a lack of oxygen. It is, 
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therefore, @ priori, to be expected that the phenomena of mechanical and of nitrous oxide 
asphyxia should differ toa certain extent. To determine the way in which nitrous oxide 
inhalation affects the circulation, I have, during the past winter, in connection with m: bet 
ant and friend, Dr, Dayid Gerna, made a long series of expuciinanies The result oe to 
show that usually the inhalation is followed by a rise of the arterial pressure, accompanied by 
a great disturbance of the pulse ; the pulse at first becoming irregular and tumultuous, but 
hy-and-by settling, so that when anmsthesia is complete the pilewars is remaskiete ree 
and full, and tho rate very slow. The rise and fall of the arterial pressure in nitrous oxide 
anesthesia was found to vary remarkably, not only in different inhalations, but in different 
periods of the same inhalation, Sometime the rise was sudden, sometimes it was slow and 
gradual ; sometimes it was maintained until near death, sometimes it was interrupted yery 
early ; sometimes it was not very well marked, sometimes it was enormous. 


In all our experiments respiration ceased while the heart was still in full activity. 
Indeed, instead of the gas acting as a cardiac depressant, it appeared to act as a cardiac stimu- 
lant, although it paralysed the vaso-motor apparatus. ‘Thus, during complete anesthesia, fara- 
disation of the sciatic nerve always failed to register itself in an increase of the blood-pressure, 
although the heart was beating very powerfully, and although the pneumogastrics had been 
previously severed ; whilst late in the poisoning—at atime when the respiration had abso- 
lutely ceased, and the animal was in this respect dead, and without the power of self-recovery, 
and when the arterial pressure also had fallen almost to zero—the pulse waves were frequently 
still nearly three times the normal, 


We made but few experiments as to the action of artificial respiration upon the animal 
dying from nitrous oxide, but thes experiments proved that even after complete paralysis of 
the respiratory function, artificial respiration is capable of rapidly bringing the animal back 
to life, The heart lives on through nitrous oxide anesthesia long after the respiratory function 
has been abolished, and even when the strong, full pulse fails, and the heart has almost ceased 
to quiver, recovery is still hopeful, because the loss of function has been caused, not by the 
presence of a poison, but by the absence of oxygen ; and although the paralysis may be com- 
plete, the life power sleeps before it dies, and is ready to awake at the touch of fresh oxygen. 


These experimental results are in strict accord with clinical observations, The S. 8. 
White Dental Manufacturing Company supply very large, if not the largest, portion of the 
arial used for the administration of nitrous oxide in the United States ; and, 


apparatus and mate s 
White, their President, writes me that a computation 


in answer to my inquiry, Dr. J. W. ; . 
based upon their own sales, and a knowledge of those of their rivals, has reached ‘“ the some- 


what appalling result, that anesthesia by nitrous oxide gas is probably effected iD three-quarters 
of a million of cases annually in the United States”. Most of these inhalations haye been 
given, not by trained physicians, but by comparatively untrained and often very ignorant 
dentists ; have been given to patients ina sitting or semi-sitting postures have been given 
apparently without thought or care to the general community, as the units presented themselves 
to the healthy and to the diseased alike ; and the result is, out of many millions of inhalations, 
only three deaths recorded as directly due to nitrous oxide. Could anything be safer ? 
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A suggestive and very practical fact which pune out in our’ experiments is that some. i (3) The comparative disadvantages between the two agents, and the best method 
times during an inhalation of nitrous oxide a ae o Bese ee reewaze ik extraordinary pe : of securing the desired results. : 
and abrupt. Not long since, in the city of Philadelphia, migentleman arose from the dentist's 
chair after an inhalation of nitrous oxide, staggered, and fell in an apoplexy, Ts it not easy (4) The treatment of accidents occurring during ether or chloroform anzsthesia, 
to perceive that when the arterial system is diseased the great strain of a sudden rise of blood. 
pressure may produce rupture ? In regard to the method in which ansestheties kill, my own teaching hitherto has been : 
‘ : first, that although ether in moderate doses acts as a stimulant to the circulation, yet in oyer- 
Some years since Dr. Kenderdine, a Philadelphia surgeon of local note, died of whelming amount, it is capable of depressing the heart, but that such depression of the heart 
diabetes, which he insisted was produced in him by the inhalation of nitrous oxide, This is always less than the depression of the respiration, and therefore ether kills always through 
is in accord with the researches of the French physician, Dr. Lafont, who reported a case in the respiration ; secondly, that chloroform may produce death by paralysis of the respiratory 
which sugar appeared in the urine twice in a patient after the inhalation of the gas, and who centre, or by a simultaneous arrest of respiration and circulation, but that primary paralysis of 
also caused in himself, and in dogs, temporary glycosuria by such inhalations, Further, the heart may occur, and is especially prone to do so when the chloroform yapour has been 
Dr, Lafont noticed in a case of mitral insufficiency temporary albuminuria. given in concentrated form: 
T am not aware that these very suggestive statements of the French physician have I think that these views are in accord with general professional belief, but it has recent- 
given rise to any research, except five experiments made recently upon healthy men, with ly been alleged that they are at variance with experimental evidences, so that a re-examina- 
negative results, by two medical students of the University of Pennsylvania, Messrs, George tion is necessary. What, then, are the clinical facts ? 
§. Woodward and Alfred Hand, junr. I do not believe that ordinarily the inhalation of : 4 
nitrous oxide is followed by sufficient disturbance of the circulation to register itself in the If any credence is us be attached to the sraiemons of competent witnesses, who have ‘ | 
urine, but the negatiye evidence of Messrs. Woodward and Hand is not sufficient to render it recorded human deaths during anesthesia it is certain that in BS, wm the influence | 
improbable that in exceptional cases the inhalation of nitrous oxide may produce albuminuria i of chloroform, the pulse and respiration have ae ee Yy Aa 1 as “ pee a, : 
or glycosuria, Such phenomena, if they occur, are in all probability not directly produced by ( the respiration has med before the pulp : and in other cases the pulse has ceased i 
the nitrous oxide, but are due to the disturbances of capillary circulation caused by it. 4 beat before the respiratory movements were arrested. 
n ‘ . aaa Jsually ether arrests respiration in men before it paralyses the heart, but the collec- * 
os However these facts may be, a seat to me that eee alton dona be used in the a eet ee be Dede Bi Resyed covtillinnaitne ne the fatal cesulé inay be aekinnee 
administration of nitrous oxide to persons, the coating of whose arteries is diseased, and it is Thus D Ernest H. Jacobs, ina report of a fatal case, asserts positively “ the 
tee Sn itor 39-8 safer envesthetic than nitroub: Ga is cca, sie ba saath x a It would seem that we must allow that ether in the 
When respiration has been suspended in nitrous oxide anesthesia, the overwhelming human subject may cause death in the same methods as does chloroform, | 
. ee eg 2 PP employment of artificia! respiration | Such then are the clinical facts ; or, in other words, such are the results of observations 
i 


Notwithstanding the great safety and the many adyantages which attend the anwsthetie 
employment of nitrous oxide, the gas can neyer be used for the general purposes of the 
surgeon, on account of the excessive fugaciousness of its influence. 


made upon the human subject. What are the results of observations made upon animals ? 


The general teaching in regard to chloroform has been recently challenged ‘by 
Dr, Lauder Brunton, who, as the result of 450 experiments made by himself upon the pariah 
dogs of India, has yeached the conclusion, as published in the London Lanceé, that, however 
concentrated the chloroform may be, it never causes that death from sudden stoppage 
of the heart, In the physiological laboratories of the University of Pennsylvania, for 


The perfect anzsthetic will be a substance which has the power of paralysing the sensory- 
4 nerye trunks without affecting other functions of the body, If such drug exists it yet awaits the 
; coming of its discoverer. Probably until such a sensory-nerve paralysant is found chloroform 
and ether will maintain the complete supremacy which they now have ; and in the further 








some years, several hundred dogs haye been used annually, and a very ein ioe) i 

oe iscussion t0: ; mR eh: F iment, ki - chloroform, ‘The observations o: 
ee on obaay subjeett stall confine my ramarke to them. Lack of time limits this disoussion Sr these dogs have heen, at the end of an experiments oes by sav pee ane | 
f si ry i Iniversity, Dr. ] 

that i i 5 fe, ohare - jration. erapeuties, and myself, he ; Y oe OS ah 

has te abate “hie lie ioe a ae - the ne lysant, and often does kill dogs by a direct action upon the heart or its con ganglia. The 

parative fai attending the use of these two agents, an 
for the difference, : 


statements made concerning the Hyderabad Commission, however, led Dr. Hare and myself 
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Ie colour of the blood shows that it is heayily charged 


oi t va 


{oa carefal and thorough restudy of the subject, Some of our experiments were 
epoca . p . Berg 6 a = made by 
injecting chloroform into the jugular vein ; others by administering it by inhalation in tho 


The action of the chloroform seems to be not seriously modified by the method a 
sdminisiration. We definitely proved that in the dog chloroform has a distinct, direct, para- 
lysing influence on both respiration and circulation ; that the respiration may cease before the 
heart best, or the two functions be simultaneously abolished ; but that in some cases the heart 
is arrested before respiration, We have several times seen the respiration continues as lon 
as one, and even two minutes after the blood-pressure has fallen to zero, and the pulse hag 
completely disappeared from the carotid artery. 


The correctness of our experiments, we claim, must be acknowledged. The experiments 
have not only been witnessed by a number of persons, but I have with me to~lay tracings 
which I will gladly show any one especially interested in the subject. I do not desire to 
express any doubt whatever as to the correctness of the experimental data of Dr. Brunton ; I 
simply claim that both sets of experiments, although they have yielded different results, haye 
been correctly and properly performed. It may be that the high heat or other climatic 
conditions surrounding the pariah dog make his heart less sensitive to the action of chloroform 
than is the heart of the dog bred in northern climates. That the thought of the different 
constitutions of animals in different climates is not absurd, is shown by the fact that some years 
ago—after I had affirmed before the Physiological Section of the International Medical 
Congress at London, that if certain asserted results were obtained upon European dogs, said 
dogs must differ from those of America, and had been met with a smile of incredulity—Dr, 
Brown Sequard rose and stated that he had experimented upon hundreds of dogs on both 
continents, and that there was a distinct difference between the animals the vascular system of 
the Buropean dogs being much more developed, and operations upon them being, therefore, 
much more bloody than was the case with the American dog. 


A yery curious parallel might be traced atthis point between the exporimental and 
clinical evidence in regard to the effect of climate upon the action of chloroform. In the 
Southern United States chloroform is used with great freedom, and with great alleged safety 5 


and as long ago as 1878 Dr. Langdon B. Edwards, editor of the Virginia Medical Monthly, 


wrote: “It is one of the most peculiar effects I have ever known in medical practico—the 
difference of experience in Hurope and the North with chloroform and ether as compared with 
that of the South—the high rate of mortality in the North, and the low rate in the South,” 
Purther, ina recent letter to me Sir Joseph Fayrer affirmed the extraordinary safety of 


chloroform in India, and stated that he knew of no death from it as haying occurred in that 
country, although its use is universal. 


e te Y serion of experiments which I haye recently made myself to determine the changes 
x ne Excision) produced when ether anwsthesia is carried on to death, I have found that in 
ine ie of anesthesia the blood-pressure is usually cloyated, and that it is usually 

mite tigh at a time when the respirations are yery shallow and imperfect, and the dark 


with carbonic acid, It is not, however 








yery rare for the blood-pressure to remain near the normal, and I have seen the blood-pressure 
begin to fall in the very first stages of ether anssthesia ; moreover, in at least two experiments, 
death occurred from syncope, the respiration continuing for one or two minutes after the com- 
plete cessation of the circulation, In an experiment in which the fall of blood-pressure was 
most pronounced, and the arrest of the heart most complete, the dog was sick from the mange, 


and it is possible that the weakened heart was more susceptible than is the normal heart to the 
depressing influence of ether, 


So far, then, as concerns the method in which ether and chloroform kill, I claim most 
urgently that there is no contradiction between the results as obtained by the bedside and in 
the physiological laboratories, and that a complete broad study of the clinical and experimental 
evidence leads to one conclusion, namely, that chloroform and ether are capable of paralysing 
the respiration and the circulation ; that in some cases one function, in other cases the other 
function, is primarily arrested ; but that ether is less prone to produce a primary arrest of the 
heart than is chloroform, 


In the discussion of the second point which I have raised, namely, as to the comparative 
fatality attending the use of ether and chloroform, I shall not occupy time with any elaborate 
In regard to the number of recorded deaths, I shall 
content myself with accepting the latest statistics at hand, namely, those collected by Dr. 
Lawrence Turnbull, who has found 875 deaths reported from chloroform, and 52 from other, 
Ido not believe that these figures nearly represent the total mortality ; I doubt very much 
whether one-third of the deaths from anesthesia are reported ; certainly not one-third of the 
cases I haye had personal knowledge of having been publicly recorded, Moreover, the 
pressure to conceal deaths from chloroform is greater than when the lethal result is due to 
ether. The surgeon who uses ether feels that he has employed the safest anesthetic, and 
that he will receive no blame if a death occurs from it, and feels also that he has a rare case to 
put on record, which will give his own name permanent place in anzsthetic literature ; where- 
as the surgeon who uses chloroform knows that if death ocenr from the anzesthetic, a Fay large 
proportion of the profession, at least in the United States, will condemn him oither in public 
or in secrot for the use of this drug, and that he will bo fortunate if he escape being publicly 
condemned by a coroner's jury. Moreover, deaths from chloroform are only too common, so 
that tho surgeon has nothing to gain and much to lose by publication of a chloroform death, 
and, if possessed of the average human nature, holds his peace. 


setting forth of the clinical evidence. 


Tt seems to me impossible to get at the exact number of anesthetic deaths or the propor- 
tionate fatality of ether and chloroform. Lyman considers that in regard to chloroform, the 
ratio of deaths to inhalations is 1 in 5,860 ; Richardson affirms that it is 1 in 2,500 to 3,000; 
Andrews puts it for other at 1 in 23,204 ; and Lyman at 1 in 16,542. 


Without claiming strict accuracy for any of these figures, L think that if can be assort- 


ed that the probable ratio of deaths from chloroform is three to five times that of deaths from 


ether. * 
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offeets of chloroform upon the lower animals, ‘we find that 
.ctly in its action on the different species. ‘The cat sooms to withstand the this “holding on” is becauso it is less volatilo than ether, and can we 
‘of chloroform with a power worthy of its reputed “ nine lives”. Many years ago, here get a hint why chloroform is less deadly in the South than in the North ? . 
Schiff called attention to the fact that the use of chloroform as an anesthetic in the The diffusibility of vapours or gases is in inyerse proportion to the 
is usually attended with the loss of many animals, Professor Martin, of the John Hop. their densities, and the yaponr of chloroform would ce rainy 1iff 
kin’s University, writes me that the margin between complete chloroform anmsthesia in the with far greater rapidity at 90° F, than at 70° F, Ae 
log, and chloroform death, is a very narrow one, This certainly is our experience in the The comparative advantages and disadyanta; rae eS 
oa f : Is ges of the two ansstheti ( 
ersity of Pennsylvania ; we havo never been able to use chloroform as an anvesthetic cine are so well known that only one or two points seem to force horas te a 
¢ losing a yery large proportion of our dogs. attention. Sst sea that the surgeon is justified in putting the life of the patient pe * 
Clinical and experimental results, namely, the results of experiments made in the phy- SS Danes CrotOEaE, Sxcepy under specu circumstances. I believe, moreover, 
Rates ; “ ts _ : that much of the unpopularity of ether is due to its improper administration. Tb i to 
slological laboratory upon the lower animal, and the results of experiments made in the am. isgtaras: the. seepiration.. seriously by tlie Silo . is so easy to 
phitheatre upon the higher animal (man) are again concordant. Chloroform is much more ib rizclos of menhanival 2 hale eS 2 : : ae » as commonly used, that not only: are 
inimical than ether to animal life, ‘The cause of this singular fatality is not, however, chiofly the cae Baa aoe ae len Be IN produced, but probably death itself : 
a : ys f ee 3 ‘ sometimes caused, specially is there danger of death being thus caused mechanically in the 
‘cardiac action of chloroform, Chloroform is more apt to cause cardiac arrest than is ether, but Ree atsravon oie Lane es : , 
* ch than is ether to cause deaths by failure of the respiration. Almost ae zc erisation, when the patient is too thoroughly ethorised to struggle and 
‘ it elo much more prong 1 an is e ca : fy felons SI sion mos when tho attention of the ethoriser is, it may be, attracted by some noyel and diffienlt operation, 
invariably, when ether is withdrawn before the dog is absolutely in the grasp of death, recovery T confess myself to ones having noarly killed @ patient in this way, S 
occurs ; but over and oyer again I have noticed that although the chloroform was taken away 
whilst the respirations were still being maintained with regularity, the arterial pressure much 
ve zero, and the pulse very apparent, yet the symptoms of cardiac and respiratory failure 





A proper apparatus is certainly preferable to the folded towel. Various haye been in= 
yented, but, as the timo is short, I shall only mention one which seems to me a practically 
perfect mechanism, although it is probably little known this side of the Atlantic. 


The inhaler inyented by Dr. 0. H. Allis is based upon the theory that the patient to 
be etherised should bo supplied with a full abundance of air, saturated with the vapour of — ; 
ether. It consists essentially of a series of foldings of muslin ona wire framework, arranged 
almost like the gills of a fish, so as to allow the air to pass freely through, but everywhere 
come in contact with ether, Ik should be placed upon the face of the patient dry, and the 
ether gradually poured on from a botilo with a tight cork, pierced by two small glass tubes, 
one short for the entrance of the air, the other long, and reaching nearly to the bottom of the: 
bottle for exit of ether. When properly used the Allis inhaler practically does away with tho 
(8) That the action of chloroform is much more persistent and permanent than that sense of suffocation, and the consequent struggles which have made etherisation alike so — 

of ether. repulsive to patient and surgeon. : 

In order to determine tho rapidity with which etherisation can be produced by th 
inhaler, Dr. M, H, Wilson kept for me notes of thirteen consecutive cases in the clinic of the 
Jofferson Medical College Hospital in Philadelphia, Tho average time required for tl 
production of complete unconsciousness was 8 minutes, The average time during which 
anesthesia was fully maintained was 32 minutes ; and the ayerage amount of ether 
during this time was 7} ounces, In twenty-one surgical cases occurring this spring 
clinical service of Professor J. William White, of the University of Pennsylvania, 
time for the production of complete anesthesia with ether, used through 
was 7); minutes, ‘The results arrived at in these two clinies are so close that 8 
+ bo considered as the average time required for full etherisation by this appa i 


In discussing the treatment of the accidents of anwesthesia, 
bedside naturally press forward for careful considerati but. 


Tt seems to me that certain general facts or principles in regard to anaesthesia must be 
msidered as established :— 


(1) That the use of any anmsthetic is attended with an appreciable risk, and that no 
care will prevent an occasional loss of life. 


(2) That chloroform acts much more promptly and much more powerfully than 
ether, both upon the respiratory centres and the heart, 
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(4) That chloroform is capable of causing death either by primarily arresting the i 
respiration, or by primarily stopping the heart, but that commonly both ‘ 
respiration and cardiac functions are abolished at or about the same time. ’ 












(5) That ether usually acts very much more powerfully upon tho respiration than 
upon the circulation, but that occasionally and especially when the heart is 
feeble ether is capable of acting as a cardiac paralysant, and may produce 
seat by cardiac arrest at a time when the respirations are fully maintained, 


Chloroform kills, as near as can be made out, proportionately threo to five 
i times ag frequently as does ether, partly, no doubt, because it is more — 
; ede g the heart, but largely because it lets go its hold much 
ether when inhalation ceases, Is it not possible that 











this point of view, I have found so little that was novel, and so little that was satisfactory to 
myself, that I shall not occupy the time of this Congress with any conclusions drawn from 
reported cases, or personal experience in chloroform accidents. Ido not think myself that 
the problem can be solyed by any such study of cases, Death is so near and so terrible, 
time is so absolute, moments so important, that no surgeon would be willing or justified in 
waiting for the effect of any one remedy ; and when a man is dosed with alcohol, nitrite of 
amyl, hypodermic injections of ether, digitalis, atropine, and other powerful agents; faradised, 
slapped, douched, stood on his head, subjected to chest movements for artificial respiration 
and yarious other measures too numerous to mention ; who can tell, if by chance ho recover, 
why he has done so? or who can point out, if by chance he die, what is the remedy whose 
omission or commission has led to the fatal result ? 


The problem is a very complex one not to be worked out amidst the excitement and 
responsibilities of the amphitheatre. Only in the physiological laboratory canits various 
elements be separated and studied each by itself, without regard to the individual life which 
is at stake. 


In the physiological laboratory two distinct paths open, each promising to lead to some 
positive knowledge. We may, on one hand, enter upon the study of the minimum fatal dose 
of the anesthetic, and of the results by the consentaneous or subsequent administration of its 
supposed physiological antagonist ; or we may investigate the effect of remedies upon functions 
that are failing under the influences of the anesthetic. 


The objections to the first of these methods have been, in the present instance, over- 
whelming. The accidents seem to be independent of the amount of anesthetic inhaled ; and 
such a method of investigation would have required far more time than was available after I 
had had the honour of being asked to address this body. Death is produced by chloroform 
and ether through paralysis of the respiration and the heart, and the method of experimental 
study which I have employed consisted in a study of the action of powerful agents upon these 
functions when oppressed by chloroform. I haye selected chloroform chiefly because it is 
the more powerful agent of the two anmsthetics, and the more certain in its lethal results. 


The experiments haye all been made upon dogs, by one plan. The carotid artery 
and also the trachea, having been connected with a recording drum, so that the movements 
of the circulation and the respiration could be consecutively recorded, the animal was ants 
thetised, and when the blood-pressure had fallen almost to zero, and the respiration had 
ceased, or nearly ceased, as the case might be, the remedy to be tried was injected into the 
jugular yein, through a canula which had been previously inserted. 


The more important remedies which haye been used by clinicians for the averting of 
threatened death during anzsthesia are ether, alcohol, ammonia, nitrite of amyl, digitalis 
atropine, and caffeine, alterations of position, and artificial respiration. 


nen ons at least or America, hypodermic injections of ether haye been frequently 
mp joyed even in ether accidents, such uso is so absolutely absurd that it does nob seem to me 
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to require any experimental evidence of its futility. ther in the blood acts as ether, whether 
it finds entrance through the lungs, through the rectum, or through the cellular eon ;and 
the man who would inject ether hypodermically into a patient who is dying from ether, stil 
to be logical, also saturate a sponge with the ether and crowd it upon his mnfortunate ttim : 


Instead of simply stating the results obtained in my experiments, I haye thought it 
would be more interesting to show reproductions from some of my tracings. The first dru, 
that I shall report upon is caffeine, I haye injected it during the cardiac failure produced fe 
chloroform, in doses varying from 3 to 74 grains, and haye never been able to perceive Bi 
distinct alteration in the arterial pressure, and no consistent distinct change of the pulse either 
in number or force, So far as the experiments go, they certainly indicate that the drug has 
no influence upon the heart that is being overpowered by chloroform. I may also state here 
that it is not possible in any of my tracings to make out any influence exerted by caffeine 
upon the respiration. 


With atropine [ have made a few experiments, the results being almost as negative as 
with caffeine. ‘Ten cubic centimétres of a 2 per cent. solution of the atropine injected into 
the jugular vein of a chloroformed animal, altered the rate of the pulse beat, but had no 
apparent effect or influence upon the arterial pressure, or upon the respiration, and in no wise 
prevented final cardiac arrest. 


Of all drugs, that which I think is usually most relied upon by clinicians as a cardiac 
stimulant in anesthesia, as in other eases of heart failure, is alcohol. ‘The chemical and phy- 
siological relations of alcohol to ether and chloroform are, however, so close, that many years 
ago I became very doubtful of the value of this drug as a stimulant to a heart depressed by 
an anesthesia. 


These doubts continually grew stronger from what I saw and read as to the effects of 
the administration of alcohol during anesthesia, and were finally changed into conviction by 
the experiment of R. Dubois,* who found that in the animal to which alcohol had been freely 
giyen, much less chloroform is required than in the normal animal, to anesthetise or to kill ; 
or, in other words, that alcohol intensifies the influence of chloroform and lessens the fatal dose. 


In my own experiments with aleohol an 80 per cent, fluid was used, diluted with water. 
The amount injected into the jugular vein varied in the different experiments from 5 to 20 
cubic centimétres, and in no case have L been able to detect any increase in the size of the 
produced by aleohol, when the heart was failing during 
d, on several occasions the larger amounts 
f the arterial pressure, and 


pulse, or in the arterial pressure, 
adyanced chloroform anesthesia. On the other han 
of alcohol apparently greatly increased the rapidity of the fall o 
aided materially in extinguishing the pulse rate. 


The effects of ammonia upon the failing heart of chloroform anesthesia have been in 
certain ; sometimes distinct, although very fugacious, and sometimes im~ 


my experiments un « e 
f aqua ammonie fortior 


perceptible. Twenty cubic centimetres of a 10 per cent, solution 0 
© Progrds Méds, 1888, xi. 951, 





















) it : “produced an fmmediate rise in the arte ; 
“registered itself in the respiratory rate, but perhaps mong 





























The infoence of injections of digitalis has been in a number of experiments er . 
pronouneed in producing a persistent gradual rise of the arterial pressure with an increase in 
the size of the individual pulse rate, In several instances death was apparently averted by its 
| injection, and I saw in one or two cases, where large amounts of the digitalis had been em. 
k _ ployed, sodden systolic cardiac arrest, indicating that digitalis, if in sufficient amount, is able 
| fo victorionsly assert itself in opposition to chloroform, Moreover, when I have given chloro 
"form to dogs whose hearts were already under the influence of digitalis, there has seemed to ba 
“a peculiar steadying or sustaining power combating the circulatory depression naturally 
_ produced by the anesthetic, and I believe that in all cases of weak heart in mana full dose of | 
digitelis before the administration of chloroform would greatly lessen the danger of cardiag [| 
aie ; 
casi With the nitrite of amyl four experiments were made ; in some of these from four to a 
ten drops of the nitrite of amyl were injected in the jugular vein ; in others the nitrite was | 
"used by inhalation, No distinct effect upon the ar terial pressure was in any instance produced, 
and usually no alteration in the size of the pulse waves, although sometimes the pulse did 
____ appear to be a little fuller. x 
a S) 

















Of all my experimental results, those which have been reached with strychnine have 
been the most surprising. The injection of strychnine into the jugular vein usually produced 
a gradual rise of the arterial pressure, and always caused an extraordinary and rapid inereaso 
in the rate and extent of the respiration, Thus I have seen the respiration, which had practix | 
cally ceased for ten seconds, suddenly, under the influence of an injection of two-tenths of a 
grain of strychnine, become at once very large and full, and reach a rate of 180 a minute. 










___ A series of elaborate experiments made upon the effect of the position of the animal on 
the blood-pressure in the carotid and other arteries, has very clearly proved that the body 
the animal whose circulation has been paralysed by chloroform acts in a measuro like a tube 
filled with fluid, Thus, if the feet of the dog were raised vertically aboyo the head, whilst 
the latter remained upon the table, an immediate rise of pressure occurred, even though the 
heart had ceased beating entirely ; provided that the head of the animal was, kept upom a 
leyel with the table, If, however, the head of the animal was depressed below the level 
oe tho table for a distance equal to, or greater than, tho length of the body of the 
a animal, a decreaso of the arterial pressure occurred at once, although the animal was in @ 
- vertical position, The phenomena observed were precisely such as would have been 
produced if the canula had been inserted into a tubo filled with fluid, instead of the carotid 
‘Ys and the elevation and depression of this tube had registered itself on the recording 
Eee ene to the ordinary laws of hydrostatics, Tho phenomena were entirely in 
Se aa beat of the heart, and were readily produced when the animal was dead ; 
Noted had not oceurred too long previously. Sometimes, even a very few muni a3 
ee beat; it was impossible to produce the changes of pressure UP 
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Biter death to a sufficient oxtont to interfere with the liquid proporties of the fluid. In no caso 


, - recommenced its work, and Ihave several times seen a pulse entirely disappear when the 


depressing the feot of the animal than by keeping it in a steadily elevated or horizontal position. 


: anesthetic, inverting the body must cause the blood which has naturally collected on the enor- are 


_ permanently restored by artificial respiration, 


i strychnine seems to be of value in 


ae 














was any effect upon tho respiration produced by change of position in thoanimal. In a number 
of cases, however, when the feot were olevated, the heart, which had entirely ceasod beating, 


animal was taken from the yortical to the horizontal position, On the other hand, very 
frequently it was impossible to affect the cardiac action by changing the position of the ace 
Noyertheless, the phenomena spoken of occurred too frequently to be a mere outcome of chance, 
though I several times noted that the heart was usually more affected by alternately elevating ad 


When the circulation has practically ceased, under the depressing influence of an 


mously relaxed yessels of the abdomen, to flow into the right side of the heart and distend it, 
and this distension—this increase of pressure—appears at times to haye a sufficient momentary 
influence to stimulate the failing organ. 


























The theory which has been advocated by some therapeuties—that inyorsion of the body. 
is of value in tho accidents of anesthesia, because it causes the yital centres of the brain to be 
supplied with blood—is probably incorrect. The respiration in anesthesia fails, nob through 
want of blood in the respiratory centres, but because the blood contains a poison which paralyses 
these centres, 

The most remarkable results which I haye reached in bringing about recovery of 
animals to all ordinary intents and purposes dead, were obtained through the uso of artificial 
respiration. ‘Thus, TL have seen an animal, in which no respitatory moyements whateyer had 
taken place for two minutes, and in which, during that time, no moyements of blood had 
occurred in the carotid artery, and in which, therefore, the heart had ceased its beat, rapidly 


‘At one timo in theso researches, it appeared as though after any dose of chloroform by 
animal could be resuscitated by artificial respiration, even though heart and 


inhalation, the 
; but finally I did find a cas in which artificial 


lungs were completely paralysed by the drug 
respiration failed. 

th the lower animals may bo summed up + that nitrite — 
of amyl, caffeine, and atropine are of little or no use in chloroform poisoning ; that aleohol, 
when given in small amounts, has no influence, but that when given largely, materially assists 

in paralysing the heart and producing fatal results ; that ammonia has some little inflnahas upon E 
the heart, but that of all substances tried, digitalis was by far the most poveentil in stimulating: 
the failing cireulation ; indeed, my experimental results indicate that it is the only known drug 
which is of any real practical value in such cases. Next, or porhaps even before digitalis, — 
the accidents of anwsthesia, because, whilst ha 
influence on the circulation, it affects powerfully the respiration, ‘Por many years chil 
has been used in practical medicine as the physiological and practical antagonist 

d it seems rather odd that strychnine should never haye been 
agonist to chloroform. sbiad i Satie Oo Pare 


Tho results of my experiments wil 
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The one measure which in practical value far surpassed all others for tho restoration of 
the dying animal was artificial respiration, and I have no doubt that a great majority of the 
deaths which haye occurred in man from anesthesia might have been avoided by the uso of an 
active artificial respiration, The difficulty with artificial respiration as it has been hitherto 
practised upon man, after the Sylvester or other methods, is its inefficiency ; whereas the 
artificial respiration which I used on animals was very active, indeed, much more efficient than 
natural breathing in causing circulation of air through tho lungs, and therefore in removing 
excess of the anesthetic from the residual air of the lungs and from the blood. 


The use of what may be called “ forced ” artificial respiration by the physiologists, 
so naturally suggested a similar practice in man, that the celebrated John Hunter invented 
for the purpose an apparatus which consisted of a bellows so constructed that when it was ex 
tended one compartment drew in air from the lungs, while the other drew air from the atmos- 
phere ; and when it was closed the process was reversed, the fresh air being thrown into the 
Inngs, the foul air into the atmosphere. In 1867 Richardson, of London, invented an ap- 
paratus more elegant and portable, although identical in principle with that of John Hun- 
tor’s ; but I have not found that either Hunter or Richardson treated by forced artificial res. 
piration an actual case of disease or poisoning. In 1875," Dr. John Ellis Blake reported a 
successful case of aconite poisoning, in which life was apparently saved, although there was no 
pulse for over three hours, by artificial respiration, with the use of oxygen. In this case Mar- 
shall Hall’s method was at first used, but later, a small rubber tube was connected directly with 
copper reservoir of condensed oxygen, the other end of the tube terminating in as mall nozzle, 
which was inserted in one nostril, Four hundred gallons of oxygen were thus used, but how 
far the force of the compressed gas was employed to dilate the lungs is not yory clear ; and it 
is doubtful whether this case should be considered as one of forced respiration. ‘The first 


physician to use forced respiration in actual human poisoning, with a clear idea of its yalue 


f> 


and power, so far as my reading goes, was Dr, George E, Fell.t 


It is plain that the bellows constructed by John Hunter and by Richardson are unneces- 
sarily complex and faulty in principle. There is no need whatever of drawing tho air out of 
the fully-filled lungs. Every physiologist knows that when the muscular system is completely 
paralysed by curare or eyen by death, the chest walls have sufficient elasticity to force air out 
of the lungs and all ordinary laboratory apparatus for artificial respiration is based upon this 
fact. For forced artificial respiration in man, an ordinary bellows of proper size is all that is 
required for the motive power. 


The real difficulty,—the point to be especially investigated and studied,—is as to tho 
connection between the bellows and the lungs. Hunter and Richardson simply placed a tube 
in one nostril, closing firmly the other nostril and the mouth of the subject. 


Dr, Fell at first used a tracheal tube, the insertion of which, of course, necessitated the 
performances of tracheotomy, In ono case, however, a simple mask covering the mouth and 
nostrils was a perfect success, I have had no opportunity of trying the apparatus on the 





* Boston Med, and Surg. Journal, vol. xxi. 
{ International Medical Congress, Washington, 1887. 
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living, but haye made a series of experiments upon dead bodies, which have demonstrated that 
usually a face mask is all that is necessary for the performance of artificial respiration. Befor 
using the mask, the tongue should be well drawn forward, and, if necessary, fixed in this 
position by an ordinary piece of silk suture run through it, which can he held a the hand of 
the operator, If in any individual case the mask fuils, an intubation tube may be introduced 
into the larynx. I do not belieye it will ever be found necessary to porform a tracheotomy, 


Dr, Fell’s apparatus consists of a pair of foot-bellows by which air is forced into a 
receiving chamber, which is connected with an apparatus for warming the air, and a valve 
which can be opened and shut by a moyement of the finger. This valve in turn leads to the 
tracheal tube, When the valve is opened the air rushes through the chamber into the lungs 
and expands them ; the finger is lifted, the yalye shuts, the lungs contract ; and so the respira- 
tion goes on, I have no doubt that this apparatus is efficient in practice, but it is open to the 
serious objection of being unnecessarily complex and costly, 


A much simpler, cheaper, and probably equally efficient apparatus may consist 
simply of a pair of bellows of proper size, a few feot of India rubber tubing, a face mask, and 
two sizes of intubation tubes. There should also be sot in the tubing a double tube, with 
opening similar to that commonly found in the tracheal canula of the physiological labora~ 
tory, so that it is in the power of the operator to allow for the escape of any excess of air 
thrown by the bellows. ‘This whole apparatus can be prepared at a very trifling expense, and 
it seems hardly necessary to point out its probable value in various narcotic poisonings, and 
other accidents, in which death is produced by a paralysis of the respiratory centres of 
temporary nature, The proper use of it,—at least with the face mask,—could be taught to 
persons without special medical skill, so that it not only ought to form a part of the surgeon’s 
outfit, but might he of great service in life-saving stations, about gas works, &c, 


In conclusion, I may be allowed to state that if the results and deductions arrived at in 
this address are, as I believe, correct, the rules for the proper treatment of accidents during 
anesthesia can be summed up in a yery few words ; 


Ayoid tho use of all drugs, except strychnine, digitalis and ammonia, 
Give the tincture of digitalis hypodermically. 


Draw out the tongue, and raise up the angle of the jaw, and see that the respiration is 
not mechanically impeded, 


Inyert tho patient briefly and temporarily. 


Use forced artificial respiration promptly, and in protracted cases employ external 
warmth and stimulation of the surface by the dry electric brush, &e., and, above all, remember 
that some at least, and probably many, of the deaths which haye been set down as due to 
chloroform and ether have been produced by the aleohol which has been giyen for the relief 


of the patient. 
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CLINICAL LECTURE BY Suraron-Magor E, LAWRIE, 


_- Geyriemey,—lIn the case of operation for the removal of the uterus and its appendages 
for sarcoma, which you witnessed yesterday, chloroform was administered, and the patient 
was kept fully anesthetised for one hour and a-half by Miss R. Furdonji, a fifth-year Parsi 
lady student, without assistance or interference from anybody. You are aware that, while I 
hold myself entirely responsible for the safety of my patients, chloroform is always given here 
by students with complete immunity from accidents, and you may find it difficult to understand 
why there should be any difference of opinion as to its safety. Unfortunately, a difference of 
opinion does exist, and it is my duty to indicate to you the fallacies contained in the latest 
addition to the controversy on anwsthetics,—the address on anesthesia at the Berlin Interna- 
tional Congress. In the opening paragraph of his address Professor Wood sa “The death- 
roll of anwsthesia is daily added to—added to, according to my belief, at a rate that has not 
changed in forty years. Though this be true, from far-off Australia comes the news that 
judge and jury have condemned to heavy penalty a chloroformist who had lost his patient” 


yS: 






and in England itself a well-known medical journal lends support to such a verdict by affirm- 
ing that death from chloroform are preventable, that with due care they may be avoided, and 
that, therefore, when they occur they are the result of ignorance and carelessness, If this bo 
true, five hundred deaths and more,—the result of ignorance and carelessness! Five hundred 
surgeons, including such names as Billroth, Jaeger, Simpson, McLeod, Agnew, Hunter 
Mc(uire, and others of equal rank, guilty of manslaughter! And still the carnage goes on.” 
Professor Wood scouts the idea that all the deaths that have occurred from chloroform are 
due to ignorance and carelessness, and in a strictly limited sonse he is right. Tho majority 
of the deaths from chloroform haye been due to wrong teaching, and it is not the unfortunate 
chlovoformist in far-off Australia who ought to be punished for losing his patient, but those 
leaders of our profession who, by their obstinate and persistent advocacy of erroneous principles, 
send forth from our medical schools year after year numbers of young medical men who are 
ignorant of the proper method of chloroform administration, and are confessedly unable to 
administer it with safety. A portion of Professor Wood’s address consists of an attempt to 
diyert the question of anwsthesia into a side issue on the qualities of different races of dogs 
and he puts forward the amazing and ridiculous contention that the heart of a dog in India 
is mnch less sensitive to chloroform than the heart of a dog bred in northern climates. If this 
wore true, it would only be necessary to raise the temperature of our operating rooms to 80° 
to ensure perfect safety. Operations must in future be performed in the hothouse, that is all. 
Professor Wood says: “Further, in a recent letter to me, Sir Joseph Fayrer affirmed the 
extraordinary safety of chloroform in India, and stated that he knew of no death from it as 
“having occurred in that country, although its uso is universal.” Sir Joseph Fayrer left India 
0 abi Since Sir Joseph left that country the old Scotch principle of chloroform administra- 
tion which was in his time almost universal has been largely replaced by other principles, and 
seyeral deaths have taken place, I know of six, and five of the six have occurred since 1879. 
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Sir Joseph Fayrer’s letter therefore merely confirms my opinion that the report of the Gil 

Committee, which was published in 1879, and was founded upon shea le ex ‘ ty 
done infinite harm, and is chiefly responsible for the fatality from chloroform Tae ; | ee 
ten years. Dr. James Dunlop also states :* “ Within the last ten years the nate : “ 
chloroform in Glasgow have been more numerous than they had been in the previous dba 


Professor Wood next proceeds to re-examine the clinical facts, “If any credence is 
to be attached to the statements of competent witnesses who haye recorded human deaths 
during anesthesia, it is certain that in some cases under the influence of chloroform the pulse 
and the respiration have ceased simultaneously, whilst in other instances the wera has 
failed before the pulse, and in still other cases the pulse has ceased its beat before the respira- 
tory moyements were arrested,” Nothing is more certain, howeyer, than that it is unsafe to 
attach credence to those whom Professor Wood styles the competent witnesses who haye 
recorded human deaths during anmsthesia. The reports of chloroform deaths are utterly 
worthless and unreliable, because there is no independent person present who can take notes, 
and who will not interfere, although he sees the inevitable death approaching. Professor Wood 
then compares his clinical facts, which you now see are of no value, with the results of 
observations made on animals, He states that he and his colleagues definitely proved that 
in “the dog chloroform has a distinct, direct paralysing influence on both respiration and 
circulation : that the respiration may cease before the heart beat, or the two functions be 
simultaneously abolished ; but that in some cases the heart is arrested before respiration, We 
have several times seen the respiration continue as long as one and even two minutes after 
the blood-pressure has fallen to zero, and the pulse has completely disappeared from the 
carotid artery.” 





Professor Wood here makes the same mistake as was made by Dr. Lauder Brunton 
on tho very last day of the Hyderabad Commission’s experiments. No one who was present 
will forget the exciting scene when Dr, Brunton, who was watching the Fick manometer, 
called out that the heart had stopped, though the dog was still breathing. The excitement 
yeached a climax when a needle thrust into the heart showed that it was beating vigorously ; 
and we restored the animal easily. On another occasion everybody in the room thought a 
dog was dead when it was not. Tho fact that there is no carotid pulse is no proof that the 
heart has stopped. Professor Wood continues : * The correctness of our experiments we claim, 
must be acknowledged. I do not desire to express any doubt whatever as to the ecorreet- 
ness of tho experimental data of Dr, Brunton, [Why not of the Hyderabad Commission ?] 
1 simply claim that both sets of experiments, although they have yielded different results, 
have been correctly and properly performed.” The results being irreconcilable, either 
the experimental data of Professors Wood and Hare or those of the Hyderabad Commission 
must be incorrect. The question wo haye to decide is which of the two are wrong. 
Professor Wood assorts that his experimental data correspond with his clinical facts. But his 
clinical facts prove nothing whatever, excopt that, if part of tho chloroformist’s attention is 
deyoted to the pulse in chloroform administration, deaths occur. Professor Wood's experi- 


mental data, like his clinical facts, do not prove that chloroform directly affects the heart. 
tice et aE 





* Vide Tu LaNcnt of Sept, 27th, 1890. 
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‘The cases he brings forward as instances of death from stoppage of the heart in animals 
are not supported by any evidence that the heart had stopped beating when he assumed that 
it had because the blood-pressure was low and the carotid pulse could not be felt. Wo must 
haye more information regarding Professor Wood's methods before we can accept his con. 
clusions, He probably used a mercurial manometer. In our experiments the pulse was often 
yisible on the Fick, or glycerine, manometer long after it had disappeared on the mercurial 
manometer ; and the needle in the heart would beat long after the Fick tracing was reduced 
to a straight line, 


Tho clinical facts which led to the formation of the Hyderabad Chloroform Commission 
are yery different from those of Professor Wood. They consist of an almost unbroken*series 
of 45,000 cases of chloroform administration, extending over forty years. In this long series 
of cases the chloroformists were guided as to the effect of the chloroform entirely by the respir- 
ation, and there was not a single death. In strict accordance with these clinical facts the 
experimental data of the Hyderabad Commission prove (1) that the administration of chloro- 
form is free from risk if the breathing is perfectly regular throughout and the inhalation is 
stopped as soon as the animal is fully under its influence ; (2) that chloroform never causes 
death by sudden stoppage of the heart ; (3) that death from chloroform is always the result of 
an overdose ; (4) that the danger of oyerdosing is enormously increased by holding the breath, 
struggling, asphyxia, or anything which causes the patient or animal to take gasping inspirations ; 
and (5) that the inhibitory action of the vagus nerve, which is called into play in threatened 
and actual poisoning with chloroform, is a safeguard. ‘The safeguard action of the vagus was 
discovered by Dr. Bomford, and its true meaning was subsequently worked out by Drs. Bomford 
and Brunton, and no physiological discovery that has been made of late years can compare 
with it in practical importance. It was never mentioned or alluded to at the Berlin Congress. 


Woe are now able to institute a comparison between the value of Professor Wood's 
clinical and experimental data and that of the clinical and experimental data of the Hyder 
abad Commission. Professor Wood's data lead to nothing more than an admittedly unsafe 
method of chloroform administration. The Hyderabad Commission demonstrates that by 
proper attention to the breathing chloroform can be administered with safety in any 
part of the world, No one is in a better position than I am to appreciate the worth and 
significance of the Hyderabad Commission’s researches. or twenty years before the Com- 
mission was appointed T had given chloroform and taught hundreds of students to give 
it with unvarying safety, I took no part in Drs. Brunton’s and Bomford’s experiments, but 
Thad the supreme satisfaction of looking on and watching the gradual deyelopment of the 
proof of the truth of Syme’s principles. I now know scientifically, what I knew before 
empirically and it is difficult to over-estimate the difference, I ormerly I taught my students 
to be on the alert for the warnings which are given by the respiration in chloroform admin- 
istration, by which danger can be ayerted. We frequently gave patients overdoses, and were 
obliged to draw forward their tongues, or occasionally even to employ artificial respiration t0 
restore them. I now teach you that the true art of giving chloroform,—an art which any 
intelligent medical man can acquire,—consists not only in concentrating your attention on the 
breathing, but in keeping it absolutely regular throughout the administration, and in stopping 
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the inhalation whenever the breathing is irregular, and directly the patient is fully under th 
influence of the anesthetic. We never haye trouble now from oyerdosing ; ne me ; 
respiratory embarrassment in my operations, and during the last year, ata te Gone 
completed its work., we have not had a case in which stoppage of the respiration has occurn ‘ 
Professor Wood finds ether is as bad as chloroform in the laboratory, Clinically it does ee 
kill so many people, because it is not pushed so far, In many cases, partial anesthesia is con- 
sidered sufficient when ether is used. Professor Wood has found out also that atropine, caf- 
feine, and alcohol are not beneficial in chloroform administration, and that digitalis es Ho has 
only to study our report and the yagus experiments to understand why. Anythtag hu ins 
creases the rapidity of the pulse increases the rapidity with which chloroform is conyeyed to 
the nerve centres, and if alcohol, or atropine, or caffeine does this they are bad, But alcohol 
does not always increase the rapidity of the pulse. Very often if a patient is frightened a 
small dose steadies and slows the pulse, and gives him confidence; and in so far as it does this, 
a preliminary dose of alcohol does good in operations under chloroform, 


Before bringing this lecture to a close, I desire to call your attention to a paper by Dr, 
James Dunlop in The Lancet of September 27th, 1890, as it has an important bearing on 
Professor Wood’s address, Dr, Dunlop’s paper consists of observations on the administration 
and dangers of anesthetics, in reply to Zhe Lancet’s civeular calling upon scientifie medical 
men throughout the world for information on the subject. Dr. Dunlop states that “the skilful 
administration of the anesthetic includes attention to the pulse, as well as watching the respira- 
tion’, and he gives numerous instances of death under chloroform from what he calls asphyxia 
and syncope. Dr. Dunlop’s paper emphasises the truth of what I haye already stated with 
regard to the worthlessness of Professor Wood’s clinical facts, and it affords additional evidence 
that if part of the chloroformist’s attention is devoted to the pulse in chloroform administration, 
deaths occur, It must be clearly understood what is meant by attention to the pulse in chloro- 
form administration. Any surgeon who can give chloroform safely can keep his eye on the 
pulse, ‘Towards the end of long operations I often ask my students, just as Mr. Syme used to 
ask me, How's the pulse?” This is quite a different matter from watching the pulse for 
signs of danger from the anesthetic—which is both unnecessary and dangerous. It is unne- 
cessary because no reliable information as to tho effect of chloroform ean be obtained from 
the pulse, and it is dangerous because if ever the administration of chloroform is pushed 
far enough to cause the pulse to show signs of failure of the heart, tho limits of safety have 
already been so far exceeded that a fatal result must almost inevitably ensue. 


Tt is strange to find a surgeon of Dr, Dunlop's standing writing of deaths under chloro- 
form occurring from asphyxia, The Hyderabad Commission has pointed cout that the only 
danger of asphyxia, as of holding the breath, in chloroform administration, is that it makes 
patients gasp and so take in an overdose with extreme rapidity. Dr, Dunlop nee that: 
deaths from syncope occur early in the administration of chloroform. He says * A small 
quantity of concentrated yapour without any air administered to a nervous, timid patient has 
proved fatal, A healthy florid-faced young man had chlorofrom administered to him 
in private by a surgeon who had gained much experience sok chloroforming in ths 
wards of the Royal Infirmary. ‘The chloroform was administered on a folded towe 
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three or four drachms haying been poured on. While the patient was counting, and 
when he had reached the number twenty-five, his face became at once pale and 
blanched, the pupils suddenly widely dilated, and no pulse was felt at the wrist. Tho young 
man was dead.” In order to understand the cause of the young man’s death, you 
must consider Dr. Dunlop’s account of it carefully, and remember that it is impossible to 
make any patient (or animal) inhale concentrated chloroform yapour without any air, unless 
you either cause him to gasp, by making him hold his breath or by asphyxiating him, or first 
render him insensible. From Dr. Dunlop’s statement it is clear that the young man was made 
to count while the chloroform was held over his face on a towel. No surer method of inaking 
him gasp could possibly haye been deyised. ‘Try it yourselves without chloroform, and tell 
me if counting and regular natural breathing are compatible. But with chloroform close to 
the face, it is certain that if you try to count you must 





sp after every number, or after every 
few numbers. In fact, counting must lead to gasping much more quickly than holding the 
breath, because the lungs are emptied by the process. You remember a case which occurred 
here the other day. When a patient was nearly under chloroform he suddenly began to try 
fo speak, and went on muttering “ e7—er—er—er—er * for a long time without taking a 
Dreath. I told the student to remove the chloroform cap from his face, as the patient was 
sure to gasp, and after a few seconds more the gasp came. Fresh air entered the lungs, and the 
patient recommenced breathing regularly, and very soon went over ; but if the cap had been 
kept near his face, he would have inhaled a large dose of chloroform, and might have been 
at once poisoned. Substitute counting for the noise our patient made, and you haye the true 
explanation of the cause of oyerdosing and death in Dr. Dunlop’s case. Dr. Dunlop says no 
disease was found in any of the young man’s organs on post-mortem examination, and adds ; 
“ Strange as it may seem, disease of valyes, hypertrophy of walls, cardiac murmurs of all kinds 
give no trouble during the administration of chloroform.” According to this teaching, the 
more healthy a man’s heart is the more certain he is to be liable to sudden death from syncope 
under chloroform ; and if this is to become part of our belief, we shall soon have to refuse 
chloroform to anybody who has not a diseased heart. ‘This is on all fours with the text-book 
teaching with reference to shock under chloroform. It is not the capital operations like 
amputations which are said to be dangerous from shock under chloroform, but only the trivial 
ones, like the operation for squint or for ingrowing toe-nail. In order, therefore, to make the 
operation for squint safe under chloroform, the patient ought first to haye his leg off! You 
may believe me that there is no such thing as chloroform syncope, and that all deaths /rom 
chloroform are due without exception to oyer-dose. You neyer hear of syncope except in the 
practice of those who do not know how to give chloroform with safety ; and when once the 


beth is accepted, as it must be eventually by the whole profession, chloroform syncope will 
disappear into the region whence it came, 


Tt is now time to ask what are the results of Ze Lancet’s call for clinical experience. 
Ti seems to me that sufficient eyidence of the most crushing kind has been accumulated in 
The Lancet for 1890 to show that if the chloroformist’s whole attention is not directed to the 
respiration, so as to keep it regular, deaths aro inevitable. First, we have had the statistics of 
Mr. Roger Williams (vide The Lancet, Web. 8th, 1890), to show that one patient dies im 
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every 1,236 cases of chloroform administration at St, 

London hospitals where tho pulse is taken as a guide, There na ee we spt 
ment that ‘ carnage” still goes on when chloroform is given in accordance ith lorie 
principles ; and now we have Dr, James Dunlop asserting that the pulse must be attend phe 
as well as tho heart, and boasting that only three cases are killed by chloroform in ae 
alone every year.” Why are we to continue to study only the experience of those sur; oa 
who cannot give chloroform safely ?- Why does not The Lancet ask the men who do noe 
deaths to give us their experience for a change? It is imperative that, in addition to clinical 
experience of the latter variety, The Lancet should call for the opinion of the whole profession 
on the anesthesia controversy. The report of the Hyderabad Commission was published in 
the leading medical journal last January, and many letters and criticisms on it haye appeared 
since. A careful study of The Lancet for 1890 will enable every general practitioner in 
Great Britain to form an impartial opinion as to the merits of the case. ‘The votes of the 
majority will then decide whether the teaching of the Hyderabad Commission or that of Pro- 
fessor Wood is thought to be more likely to conduce to the interests of the profession and tho 
public ; and I have no fear what the yerdict will be. 





Finally, Dr. Dunlop states that “every intelligent assistant I have had duming the last 
ten years has felt happier during an operation when ether was used than when chloroform was 
administered.” This is not at all surprising. No assistant can give chloroform happily or 
safely if he is always in dread that his patient may die suddenly. As long as the belief 
prevails that one of the dangers of chloroform is sudden death by stoppage of the heart, and 
the chloroformist watches the pulse for signs of heart failure, deaths will ocenr, It is high 
time this reproach to our profession and opprobrium of modern surgery should be put an end 





to ; and if surgeons will not put an end to it themselves, the administration of chloroform 
should be prohibited by law until the teaching with regard to chloroform syncope is altered and 
brought into conformity with the conclusions of the Hyderabad Commission. 


—— 


LETTER FROM Surazoy-Masor P. R, GABBETT, 
To rue Eprrors or “ Toe Lancer”. 


Sis,—Having noticed in your columns several lotters and addresses on the administra~ 
tion and effects of chloroform, and the diversity of opinion that appears to exist on this import- 
ant question, I should like to record what I have myself witnessed during the past eighteen 
months. By the kind permission of Surgeon-Major Lawrie, the Principal of the Hyderabad 
Medical School, I haye been present at numerous and severe operations performed by that 
surgeon at the Afzul Gunj Hospital ; and during this poriod I have never seen the slightest ill- 
effects result from the administration of chloroform, though sometimes in abdominal operations 
tho patient has been kept under the influence of the anesthetic for from an hour and 
achalf to two hours. It has always been given by ono of the native students of the school, 
either malo or female, apparently with the greatest confidence and ease on their part, following 


* Tt is fair to Dr. Dunlop to state that he is the apologist of others, and that in some of the ‘testis 
which he reports the respiration is believed to have been watched, and not the pulse. It is evident, neers at it is no. 
good to watch the respiration in chloroform administration if disaster is deliberately courted by the adoption. a plan 50 
fraught with danger as making the patient count. 
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the principle taught by Sargeon-Major Lawrie, namely, to concentrate the whole of their 
attention on the breathing of the patient, and not to pay the slightest regard to the heart or 
pulse, I understood that it had been clearly and satisfactorily proved by Dy. Lauder Brunton 
and the Hyderabad Commission that chloroform did not prove fatal by sudden stoppage of the 
heart ; yet yery little attention seems to have been paid to the addresses of Dr, Lander Brun. 
ton or Professor Wood at the Berlin Medical Congress last August, when the views expressed 
by these gentlemen were distinctly opposed to each other. The profession in general aro thors 
foro left as far as over from a sound and definite basis for the administration of chloroform, 


T am, Sirs, yours truly, 
P, R, GABBETT, 


Secunderabad, Deccan. Surgeon-Major, Medical Staff, 





ARTICLE BY Dr, DUDLEY W, BUXTON, 
[Reprinted from “ The Lancet” of December 18th, 1890,] 


One of the dangers of controyersy is the almost ineyitable crystallisation of the thought 
of those who advocate, or press, the negative of any question, There is certainly some fear in 
the present juncture, lest the common-sense side of the chloroform question should be left out 
in the cold, while wo hotly discuss the modus operandi of its death-dealing properties, On the 
present occasion I hope to draw attention as concisely as possible to the various practical issues 
inyolyed in my title, Chloroform, I take it, cannot, eyen if we would, be laid aside ; it possesses 
properties so yaluable and so useful that it will, perhaps for ever, remain a fayourite anesthetic 
with many operating surgeons and obstetricians, The main considerations, then, for practical 
men are ; How far is it a dangerous agent, in what does its danger consist, and can this danger 
be abrogated or minimised so as appreciably to render the peril beyond ordinary computation 
either by methods of administration or other means ; and, lastly, how does it compare, as far a3 
absolute safety goes, when placed side by side with other anesthetics ? 


Tt may be said that the present time is hardly ripe for opening such an inquiry, since 
the subject is still to be further elucidated by the clinical report promised us by the Hditors of 
Tue Lancur, But wo should remember that from its yery nature such a report must be devoid 
of personal colour, being statistical, so that the experiences of practical anesthetists can neither 
forestall nor be devoid of yalue whatever may be the finding of Tae Lancur Chloroform In- 
quiry, Death under chloroform is, unhappily, a frequent occurrence. We hear of a few 
deaths, probably not all, and if we accept 1 in 3,000 as a working estimate of their frequency 
We are probably within the mark, although Surgeon-Major Lawrie says he has given chloro- 
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form five or ten times daily for fifteen years without a casualty, 7.2, a mean of 40,000 

thetics ; and other exceptional estimates have been given by Baudens, 1 in 10,000 iI i sail 
Grimean War, and Hunter McGuire, 1 in 15,000 during the Ree ion War These cau : 
he due to—(1) impure chloroform ; (2) careless anmesthetisation 3 (3) avert but faulty mi ei 
—in any of which events the chloroform is not to blame 3 (4) the direct effect of ior 


thetic, due to its intrinsic properties, and unayoidable by care, skill, or the most approved 
methods, PP’ 


No, 1.—The impurities of chloroform which may produce untoward effects are free 
acid, free chlorine, These, however, always give rise to coughing, and assail the cae of the 
administrator as well as the patient. Chloroform, when left for long exposed, liberates noxious 
fumes, and should in this case not be used ; and chloroform, when given in a room heated 
strongly by illuminating gas, also decomposes, and most pungent and irritating fumes are given 
off, but only the utmost carelessness could fail to detect such a state of things, I think we 
may take it that by far the greater number of cases of chloroform deaths occur in public institu- 


tions, hospitals, &c., where the drug is in constant use and for several patients. We may fairly 
say then that reason No, 1 accounts for but few cases, 


No, 2.—Is probably a more common source of danger, and is one which is likely to bo 
still more prolific of evil if the belief gets abroad, as a daily paper expressed it after the first 
authoritative statement, that the heart was unaffected by chloroform, that taking this anesthe- 
tie possessed no more danger than taking a glass of whisky-and-water. If the contention of those 
who deny primary cardiac syncope as a possibility in chloroform narcosis be just, any method 
which ensured duo respiration and a percentage of chloroform below 4 per cent, must be 
approved and be safe, unless the personal equation of the administrator coming in changes 
the safety to danger by his failing to watch the respiration, &e, 


No. 3.—Undoubtedly some methods are open to grave eavil, but by far the most com- 
mon methods employed are the open method, wz., the use of lint or a towel, Skinner's mask or 
Junker’s apparatus, and these are not faulty in principle, although dangerous in that the 
administrator may through heedlessness lessen or increase the strength of the anzsthetic to a 
dangerous extent. - 


No. 4,—Chloroform kills, all admit, through respiratory paralysis 5 while observers are 
divided as to whethor it also («) allows death through reflex shock ina patient partly or wholly 
under its influence, or (4) destroys life by direct and primary heart syncope. Admitting only 
that extinction ensues through respiratory paralysis, one party affirm, and so far justly if we admit 
their premisses, that the duties of the administrator are really free from anxiety paket the 
respiration, say they, and if it fails take your measures promptly—artificial respiration under- 
taken before the heart has given out (secondary heart syncope) will lead to resuscitation, On the 
other hand, those who contend that chloroform kills directly through the heart teach us a moun 
ful story. Take the utmost care, use tho most perfect method in the most approved and conscien- 
tious fashion, watch for the inception of symptoms of danger and grapple promptly with the peril, 


and yet in spite of all a certain number of the patients will die. Both will admit the danger 
86 
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from heart syncope secondary to respiratory failure, and both will submit that such deaths 
should not occur ; that they mean in many cases carelessness and deviation of the anasthetist’s 
attention from the patient, and both will assert that most of such patients can be bronght out of 
their peril by prompt and skilful employment of artificial respiration, &e. It then becomes 
necessary to consider the evidence upon which these rival schools of thought and teaching has 
their opinion and practice. In this connection I would point out a most valuable source of 
information which has up to the present been but lightly laid under contribution, and which js 
capable of furnishing the most yaluable testimony. 1 refer to the frequent cases which are met 
with by those who have a large practice in chloroforming in which untoward symptoms occur, 
but which not ending fatally are not recorded in the medical press, and perhaps noticed only 
by the chloroformist himself. 


Upon the question of primary heart failure the Hyderabad Commission have definitely 
assumed the position that respiration always fails before cardiac syncope ; in other words, that 
cardiac syncope is invariably secondary. The immense care with which the work of the Com- 
mission was conducted, the great help it received from the experience of Surgeon-Major Lawrie 
in chloroforming and that of Dr, Lauder Brunton in physiological research, render its conclu- 
sions of especial value, and justify us, I think, in saying that if primary heart failure from chloro- 
form is a delusion the Hyderabad Commission were competent to prove the same up to the 
hilt, Tho evidenco adduced is now common property, so that detailed quotation is needless, 
In chloroforming considerably under one thousand dogs, rabbits, &e., the Commission failed to 
induce primary syncope, and Surgeon-Major Lawrie in, say, 40,000 inhalations in human beings 
the bulk of whom we may assume were Asiatics, never lost a patient. Two classes of fatalities 
occurred among the lower animals—(1) death from failure of respiration, and (2) accidental 
deaths, the cause of which the report fails to recognise, except that it assumes it was due to an 
overdose, An effort was made to bring about fatty changes in the dog’s heart by giving 
phosphorus, &c., but even then primary heart failure did not occur, nor were the Commissioners 
able to show any evidence of shock occurring in the lower animals whilst under chloroform. 
If this brief statement fairly represents the outcome of the Hyderabad Commission’s work, 
we find their evidence to be wholly negative upon this important matter. But the question of 
primary heart failure does not rest solely upon the negative evidence mentioned above. Snow 
and the older authorities fully recognised the condition ; and the Glasgow Committee, both in 
their original and recent reports, have distinctly asserted that even among the lower animals 
primary heart failure occurs, while it has been left for Professor MacWilliam of Aberdeen 
to explain the modus operandi of the prejudicial action of chloroform upon the heart, Again, 
he prdanaudent testimony of Professor Wood of Philadelphia has been given to the occurrence 
of paimary heart failure under chloroform, and quite recently he had been at the pains of 
re-investigating the matter, with a result confirmatory of his: original decision. Roverting to 
the carat research of Professor MacWilliam, wo find the following phenomend narrated and 
en tiene by an ingenious arrangement of apparatus. Animals kept under Pe 
ees cunsieyabiad nan eo. which ensured equal and tranquil breathing, and : A 
Mee uairaat 6K perator to LYSED. definite percentage of chloroform, were watene 

@ chloroform so given had upon the heart, ‘This effect is notable. The heer 
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muscle relaxed, and dilatation took place, leading, of course, to gradual failure of circulation, 
Up to a certain a this give uh the heart muscle was recoverable, and upon chloroform 
boing stopped the’ heart regained its normal tone and contraction. Other phenomena asso- 
cinted oat the action of chloroform upon the heart are summed up under the term “ delirium 
cordis, ora rhythm of the heart muscle leading to futile contraction of portions of the myo- 
cardium without assisting the viscus to effectually contract and expel its contents, In some cases 
the dilatation was sudden, and all efforts at resuscitation failed, These results are i 

in so far as they are positive, not negative, and because they are demonstrable ; Pes, 
seen to undergo dilatation and to contract up to its usual capacity, or to give out altogether, as 
the caso may be. We have, then, to a certain extent, a conflict of opinion—the one based 
upon negative, the other upon positive evidence, at least in the field of experimentation ; but 
I submit neither view can be allowed to go wholly unquestioned when we pass from dogs and 
monkeys to men. Tt seems consistent to examine how far the one or the other opinion is borne 
out in our experience in hospital and in private practice. I find that im most hospitals the 
directions are carried out which the Committee of the Royal Medico-Chirurgical Society pro- 
mulgated in 1864, and which are practically those re-asserted in 1889 by the Hyderabad Com- 
mission, wz., recumbent posture, loosened dress, &e., and that the pulse is watched,—an injunction 
which the more recent Commission strongly repudiates, And yet I find deaths constantly 
occur, and these deaths arise, we are told by the chloroformists, from primary heart failure, 
Respiration, it is « 





sorted, does not fail first. It is competent for a dispassionate commentator 
to say that the hurry and excitement of a chloroform death are such that mistakes are easily 
made, and that it is a well-known fact that the thorax works as if in respiration even when no 
air can enter the lungs ; but, granting this, we have to remember two facts. The “ first aid” 
to those in danger from chloroform is now widely known : the tongue is dragged out, and 
artificial respiration is started as soon as danger threatens, The other fact is that when the 
danger is due to primary respiratory failure these measures restore life ; when due to primary 
cardiac failure, they fail. Do most of the cases of peril under chloroform recoyer or succumb ? 


Sir Joseph Lister, in his classical article on chloroform in “ Holmes’ System of Surgery” 
tells us that he has saved more than one life by directing attention to respiratory difficulties 
under chloroform, But chloroformists are not so careless as to neglect the elementary law of 
the anesthetist, viz., to permit nothing to distract his attention from his patient. Again, the 
fact that Snow and Clover each met with deaths proves that such events, however they may 
be lessened in number by skill and care, cannot be reduced to a vanishing point. A further 
consideration which I am able to adduce from my personal experiences is this, that of the very 
large number of patients to whom it has been my duty to give chloroform, or the sobeiange 
called methylene, a certain percentage have given me anxiety. My plen is to ua dae open 
method or Krohne and Sesemann’s recent and useful modification of Junkers inhaler, the 
flannel cap face-piece of which permits a free current of air to pass through it. oe bee it 
a rule to test the vigour of respiration by placing my hand over the mouth, to ww = a9 - 
of the patient's face and ears, and to keep a finger upon an artery, always testing oe 
ery at tho commencement of the operation, Pro- 


r in that art tee 
rate and force of the pulse in tha' eae ‘ae. sci toute cant 


ceeding in this way I haye sometimes foun 




























judged by the eye and the plan aboye mentioned, shows no alteration ; that not only is 
there evidence of general feebleness of circulation, which might be attributed to the fall of 
blood-pressure, x6 garded by the Hyderabad Commission as protective, but that distinct and 
unmistakable cardiac enfeeblement occurs. Further, this is progressive, and likely, it has 
appeared to me in more than one case, to end in cardiac syneope unless prompt and vigorous 
measures were used. Inyersion, which undoubtedly would be highly prejudicial in chloroform, 
danger due to respiratory paralysis or asphyxial conditions, proves highly efficacious in such 
cases of cardiac and circulatory enfeeblement. In contending that a fall of blood-pressure js 
protective, I think a most important factor has been left out of consideration. For granted 
that such a fall leads to lessened intake of the narcotic vapour, it also determines a lessened 
output of that which still circulates in the blood. Things being equal,I believe that chloroform 
acts more harmfully upon poorly oxygenated blood and tissues, e.7., the anemic, the cyanotic 
those whose circulation is depreciated by fatty changes in their heart and other viscera, than upon 
those better supplied with oxygen. On the other hand, cases present themselves when, from 
the nature of the operation, the chloroforming is complicated by partial asphyxia! and these 
offer a contrast in that their danger reveals itself in respiratory difficulty leading even to cossa~ 
tion of breathing. I have found, however, that such cases responded readily to artificial res- 
piration, and danger was over. Words give a poor idea of the contrast presented between 
these two categories of cases, but one has only to be brought face to face with them to be con- 
yinced that their difference is one of kind and not one of degree. Again, having once seen the 
heart relax and dilate under chloroform, as in Professor MacWilliam’s experiments, one recog- 
nises the anatomical counterpart of the procession of events which one had encountered again 
and again in the operating theatre. It would subserve no useful purpose to attempt to explain 
the discrepancies which appear between the experiments undertaken by the Hyderabad Com- 
mission and those of other observers, or to reconcile these results with those arrived at by the 
daily observations—now hundreds of thousands in number—made by medical practitioners in 
surgical cases, but it may be mentioned that it has been amply shown, by experience with the 
lower animals and man, that the more highly organised and differentiated nervous systems are 
more easily affected by reflex shock. Fainting caused by emotion, common in man, is not @ 
daily occurrence among dogs or monkeys. 


Ié may be remarked that it is singular that Professor MacWilliam’s dilatation was not 
discoyered by the Hyderabad Commission, The conditions, however, were wanting, for 
their animals were permitted to die or get in eatremés through respiratory difficulties so that 
stress of the anesthetic was made moro evident in most cases qué the respiration than gud the 
heart, although some of the cases must undoubtedly haye revealed the condition had it been 
sought, A further point noticeable about dogs is that they are peculiarly susceptible to respira- 
tory failure under chloroform, and in performing physiological experiments upon them the 


utmost care has to be used unless artificial respiration be employed to prevent death from 
cessation of natural breathing. 


Under the last heading I inquired what conclusions practical men must arrive at when 
comparing chloroform with other anmstheties, and here I will not press the point beyond 
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instituting a rough-and-ready comparison between chloroform and ether. when both are 
administered by skilled persons employing good methods ; and I am bound a say that ether, 
whatever may be urged against it, has fewer deaths to account for than chloroform, It ae 
heen said that chloroform kills at or during the operation, whereas ether kills er, This 
is not my experience, One’s kind surgical friends usually keep one well iow of un- 
toward results following or traceable to the anzsthetic, and yet I haye not found ether after- 


fe ro severe or danger se arisi r F 
offects apps j langerous than those arising from chloroform, The subject of this Be 
communication is the administration of chloroform, so that I will dismiss this ether digression, 
7 ? 


and conelude by inquiring, Where does the above reasoning concerning chloroform leave us ? 
I submit there exists a considerable bulk of direct evidence pointing to the truth of the 
existence of primary heart failure under chloroform, due to a distinct anatomical result of the 
anesthetic, and that disregard of the pulse must tend to induce the anzsthetist to overlook the 
impending danger, while a careful watch over the colour and pulse, on the other hand, would 
give timely warning for measures to be adopted which would stave off the peril. Respiration 
must, of course, also be noted, as death may arrive through that channel, Skill and a lively 
sense of responsibility, which is not fear of chloroform, will do much to lessen deaths from that 
anesthetic, but I submit the courage or recklessness begotten of a false sense of security must 
only end in still further increasing the death-rate from chloroform, already unnecessarily high. 
While thus contending that chloroform kills through the heart as well as the respiration, 
I would not be understood in any way to deprecate its use and yalue in suitable cases. Because 
we recognise its dangers it does not follow that those dangers assume an exaggerated appearance 
indeed, the reverse effect is likely to obtain, especially if we at the same time learn how to 
recognise and guard against them. 
Mortimer-street, W. 





ANNOTATION. 
From “ The Lancet,” Dee, 27, 1890. 


Ly the course of his presidential address, delivered at the annual meeting of the South- 
Western State Medical Society of Ohio, Dr. J. C, Reeve reviews with some care the expe- 
rience of American surgeons concerning deaths under chloroform. Reports of such casualties 
occurring in the States lead him to tabulate the following as causes of death :—( 1) Sudden 
death during the stage of struggling or excitement, and this form he finds to oceur with alarm- 
ing frequency. (2) Death from respiratory failure, (3) Death from cardiac paralysis, the heart 
ceasing to beat while respiration goes on. (4) Death when respiration and. eireulation appear 
to stop simultaneously. As to frequency, deaths from cardiac failure are said ses largely in 
excess of those due to respiratory paralysis. Dr. Reeve criticises the results arrived at by the 
Hyderabad Commission on the grounds that the number of their experiments was too small 
when as good a record is extant as 1 death in 28,000 administrations, Confederate ae Lin 
15,000 (Hunter McGuire). He adds that such reeords do not Toprekeny tho true — ity, te 
some hospitals show as high a rate as 1 death in 200 administrations. Dr Reeve qu aah : 
yalidity of arguments based upon experiments made upon the lower animals, pointing out tha 




















itis a well substantiated fact that drugs do not always affect human beings and the lower ani. 


mals the same way, ¢.J-» elaterium kills dogs but does not purge them, pigeons bear enormous 
doses of morphine, and rabbits cannot be killed with belladonna. The weight of clinical oyj. 
dence alike of England (Snow), Germany (Kappeler), and America, Dr. Reeve ayers, js 
entirely against the Commission’s finding that primary heart failure does not occur in chloroform 
narcosis, and cases are cited in which it is stated the heart stopped before respiration ceased, 
He concludes by saying: “TJ protest, in the interest of patients, against the doctrine that chlo- 


roform can be administered with absolute safety ;” and Dr. Reeve insists that sucha conclu. ~ 


sion can only be arrived at: by “iomoring a vast amount of evidence, both experimental and 
clinical,—evidence which outweighs all theories and all doctrines, no matter whose names may 
be appended to them.” Woe consistently with our motto, “ Audi alteram partem,” can at present 
only weigh evidence, and are most willing to receive testimony both for and against the views 
which haye been advanced by Snow and Clover on the one hand and Syme and Lister on 


the other. 


(Dr. Reeve’s “ vast amount of clinical evidence”, like Dr. Dudley Bux- 
ton’s “ considerable bulk of direct evidence pointing to the existence of primary 
heart failure under chloroform”, is worthless evidence of what occurs in abnor- 
mal chloroform administration. All reliable evidence supports the dictum of the 
Hyderabad Commission that normal chloroform anesthesia is free from risk.] 





ARTICLE IN THE LANCET, Marcu 14rn, 1891. 
BY 
Surenon-Masor EDWARD LAWRIE. 


Srycx the publication of my clinical lecture in The Lancet of Nov. 29th, 1890, I haye 
received numerous letters from Hurope and from different parts of India requesting me to draw 
up authoritative rules showing briefly the method of chloroform administration which experi- 
ence, based upon Syme’s principles and upheld by the Hyderabad Commissions, has shown to 


be uniformly safe:— 


(1) The chloroform should be given on absorbent cotton stitched into an open cone or 
cap. (2) To ensure regular breathing the patient, lying down, with everything loose about the 
neck, chest, and abdomen, should be made to blow into the cone held at a little distance from 
the face, The right distance throughout the inhalation is the nearest which does not cause 
struggling, or choking, or holding of the breath, Provided no choking or holding of the 
breath occurs, the cap should gradually bo brought nearer to, and eventually may be held 
dlose over, the mouth and nose as insensibility deepens. (3) The administrator's sole object 
while producing anssthesia is to keep the breathing regular. As long as the breathing 18 
regular, and the patient is not compelled to gasp in chloroform at an abnormal rate, there is 
absolutely no danger whatever in pushing the anmsthetie till full anesthesia is produced. (4) 
Tregularity of the breathing is generally caused by insufficient air, which makes the patient 
struggle or choke or hold his breath. ‘There is little or no tendency to either of these untoward 
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events if sufficient air is given with the chloroform u 

i i orm. If they do oceur th 

the patient must be allowed to take a breath of fresh air before ike ane ieee a 
proceede 


with, (5) Full anesthesia is estimated by insensibility of the corn Tt i indi 
stertorous breathing, or by complete relaxation of the muscles Direst aa pee 
insensitive, or the breathing becomes stertorous, the snhattionieheell ite é aes ae 
ing may become stertorous while the cornea is still sensitive, ‘The rule to ne th i on 
should notwithstanding be rigidly enforced, and it will be found that th pies 
comes insensitive within a few seconds afterwards, It is only necessary to sain ieee 
should be so dressed for an operation that his respiratory aonateneen a : he ea 
chloroformist. In the climate of India this is not difficult to manage, but on eet be 
manage in the climate of Durope; so that in this respect, and in this Bie alk th ae e 
formist in England is placed ata distinct disadvantage compared with the chlorsteeieatle 
India, Proceeding in the above way chloroform never produces any bad effects, and its ee 
istration, in any case which is fit for an operation, is entirely free from danger. 


[The Hyderabad Commission unequivocally adopts the suggestion of 
Dr. William MacEwen in the great discussion on Anesthetics in Glasgow that 
“every one of the patient’s respirations should be registered on the admin- 
istrator’s tympanum.) 


T have drawn attention to the danger of taking the circulation as a guide as to the effect 
of chloroform,* and should not further allude to it but for an article on chloroform administra- 
Dudley Buxton in The Lancet of Dec, 13, 1890. This article is by far the 
cleyerest that has yet appeared from our adversaries, but Dr, Dudley Buxton’s teaching con= 
demns itself. His plan of giving chloroform is—* (1) To use Lister's open method or Krohne 
and Sesemann’s recent and useful modification of Junkers inhaler ; (2) to test the vigour of 
respiration by placing my hand over the mouth ; (3) to watch the colour of the patient’s face 
and ears ; (4) to keep a finger upon an artery—always testing the initial rate and force of the 


tion by Dr. 


pulse in that artery at the commencement of the operation.” : 


The first remarkable point in theso rules is that no fixed principle of chloroform 


administration is laid down, ‘The chloroformist may employ indiscriminately the open method or 


an inhaler, according to his fancy. In tho second plaee, if the chloroformist places one hand 
oyer the mouth to test respiration, and keeps the finger of the other upon an artery, as Dr. 
Buxton recommends, it is difficult to understand how the anaesthetic js to be administered, 
The severest condemnation of the method, however, is 


unless the patient is to do it himself. 
He says: “ Proceeding in this way L 


to be found in Dr. Dudley Buxton’s own words, 
have sometimes found that the heart flags even when ihe respiration, judged by the eye 
and the plan aboye mentioned, shows no alteration ; that not only is there evidence of 
general feebleness of cireulation, but that distinct and unmistakable cardiac enfeeblement 
1 and likely, it has appeared to me in more than one case 


occurs. Further, this is progressive, 
This shows 


‘ » 
to end in cardiac syncope, unless prompt and vigorous measures were used. 


A eel 


‘ The Lancet, November 29, 1890. 
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‘that the plan is faulty, if not impracticable ; in fact, it stands self-condemned, There 


“giving chloroform recommended by the Hyderabad Commission, Dr. Dudley Buxton can 

readily satisfy himself of the truth of this statement by giving our method a thorough and 

impartial trial, None of our erities haye done this yet, but if one fairminded man of Dr, 

Buxton’s calibre were to do so, he would infallibly convert himself to our views, and the 
conversion of the rest of London would follow in time as a matter of course. Dr. Buxton 
states that “ having once seen the heart relax and dilate under chloroform, as in Professor 

- MacWilliam’s experiments, one recognises the anatomical counterpart of the procession of events 
which one has encountered again and again in the operating theatre.” This statement goes far 
to proye that there must be some fallacy about Professor MacWilliam’s experiments. As a 
surgeon I care very little what happens to the heart when it is subjected to such abnormal treat- 
ment as is involved in laying open tho thorax and pumping chloroform into the lungs in order 
to prove that it is directly affected by chloroform. We might just as well pump in boiling 
water, and then tell old women they are not to inhale steam when they get bronchitis, But it 
is interesting to be told by such an authority as Dr. Dudley Buxton that Professor Mae William’s 
results form the anatomical counterpart of a method of chloroform administration which causes 
general feebleness of the circulation and of the heart, and there is very little doubt that they 
do. Professor MacWilliam’s premiss that heart failure is not necessarily accompanied by a fall 
of blood-pressure is manifestly unsound, and his description of rhythmie cardiac relaxation and 
dilatation, under chloroform, is open to the fatal objection that he has not shown that the moye- 
ments of his baso line, by which they were estimated, were not produced by relaxation of the 
diaphragm, pushing up the heart through his artificial opening. Tf his heart dilatation can 
really occur without fall of pressure, or when chloroform is properly given, it must hea 
natural condition and free from risk. 


The Hyderabad Commission has proyed that there is no such thing as chloroform 
syncope, and that in death from an overdose of chloroform the respiration always fails before 
the circulation, What the harmless fall of blood-pressure in normal chloroform administration 
is due to, as well as what happens to the heart after the respiration fails from overdosing, which 
are the only two points left open to discussion by the Hyderabad Commission, must be entrusted 
to physiologists to determine. In the telling words of Dr. Bomford, “ it is sufficient for us 
as practical men to know (1) that the heart is the very last organ to give in under tho action of 
chloroform, and (2) that there is no more danger of permanently paralysing it in chloroform 

_ administration, than there is of paralysing the legs and giving the patient paraplegia.” 





LETTER FROM Dr. DUDLEY W. BUXTON, 
To tHe Eprrors or “TH Lancer.” 


Sins,—Surgeon-Major Lawrie’s personal reference to me calls for a brief reply. My 

paper was not intended to instruct in the elementary methods of administering chloroform, 
So I omitted details which I thought were familiar to all who had mastered the subject of 
"3 chloroform administration, and were not go wedded to one method as to allow themselves to 


never any dangerous enfeeblement of the general circulation or of the heart in the method of 
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remain ignorant of all others, The open metho ‘ Po. 6 ; 

and fully set forth in Sir Joseph Tae cae ee a etal 2) 80 well 
in 1861, that it appeared to me to be superfluous to describe it ts ee vat surgery, written 
like The Lancet; but since Surgeon-Major Lawrie has received Aaa ee 
Burope concerning it, and has gone to the pains of describing it, I suppose Ti en a 
supposing that the ABC of the chloroformist’s duties are pretty generally apdeteeee Cee 


: With sean i) the second method to which I alluded, that in which Junker’s inhaler 
is omployed, I must say that your correspondent is clearly wholly unacquainted with th 
method, or he would not have permitted himself to indulge in such sae criticism. ae 
humour loses none of its point whan read by a person who is familiar with Junker’s apparatus, 
I may just say that, with average intelligence and common-sense, the inhaler can be used 
without necessitating Surgeon-Major Lawrie’s suggestion being carried into effect, and the 
patient compelled “ to do it himself.” Further, the argument which he adduces, in that be- 
cause I had seen various degrees of heart failure and circulatory trouble, therefore my methods 
are erroneous, is an instance of what logicians call a petitio principii, and proves too much, In 
the first place, the open method, to which my remarks mainly referred, is precisely the method 
which the Hyderabad Commission, following Syme, advocates, I as well as many others in 
Europe, learnt the method before the session of the Commission. That Surgeon-Major Lawrie 
has never seen the heart fail and that I haye is not surprising, because he has neyer felt 
the pulse or examined the action of the heart during chloroformisation, and I haye. That 
Surgeon-Major Lawrie has had many cases I do not for a moment doubt, only he has oyer- 
looked them, and as, fortunately, in most cases respiratory rhythm is affected pari passu with 
cardiac enfeeblement, he has seen the danger-signal qué the respiration, and has taken mea- 
sures accordingly. 


I am further stated to give no fixed principle of chloroform administration, and in my 
paper, to which reference has been made, I admit such is the case, and for the reason above 
stated, that my object was argumentative rather than didactic. In my lectures and practical 
demonstrations I believe I am dogmatic enough, but personally I regard dogmatism in dis- 
cussion upon scientific subjects in a scientific periodical as unseemly and valueless. In con+ 
clusion, may I draw attention toa sentence against which Iam bound to enter a protest ? It 
runs : “ The Hyderabad Commission has proved that there is no such thing as chloroform 
syncope, and that in death from an overdose of chloroform the respiration always fails before 
the circulation’? I submit the Hyderabad Commission has done nothing of the kind ; its 
conclusions were based upon purely negative evidence, and were not warranted by the fais 
before the profession, and I am strongly of opinion that any teaching which tells chloroformists 


to ignore the pulse is fraught with danger. I am greatly obliged to Surgeon-Major Lawrie 
him that I constantly employ the open 


for his courteous reference to myself, and can assure 
; but TI also watch the pulse. 


method and obey the rules he, following Syme, advocates 
Lam, Sirs, your obedient servant, 
DUDLEY W. BUXTON. 


Mortimer-street, Cuyendish-square, W- 
87 














LETTER FROM Svranon-Masor EDWARD LAWRIE, 





To THE Eprrors or “Tue Lancer”. 


Sms,—Dr. Dudley Buxton cannot be allowed to depart from his original statement, 
He described his method of giving chloroform in the following precise terms (tho italics arg 
mine): “Mfy plan is to use Lister’s open method or Krohne and Sesemann’s useful modification 
of Junker’s inhaler. I also make it a rule to test the yigour of respiration by placing my hand 
on the mouth, and to keep a finger upon an artery.” It is this plan which I ridiculed. Dr, 
Buxton now dexterously tries to make it appear that my criticism was directed against Junker's 
inhaler, and that he gives chloroform on Syme’s principles, though Syme never took the pulse 
asa guide. Dr, Dudley Buxton’s plan is impracticable, and its absurdity is only surpassed hy 
the absurdity of the method of another specialist, Mr. Rickard W. Lloyd. Mr, Lloyd proceeds 
to give chloroform® “ with the sprinkled lint lying on the separated fingers of my right hand 
in front of the mouth, which enables me to feel the force of expiration, with my left middle 
finger on the left temporal pulse, and my left thumb holding up the left upper lid of the patient 
and testing the corneal reflex when necessary.” Mr. Lloyd thus endeayours to obtain inform 
ation as to the state of the patient from three if not four distinct tactile impressions at the samo 
time, which is just as dangerous as it would be for one of my students to administer chloroform 
to three or four patients all at once. Dr. Dudley Buxton further states that I must have had 
many cases of heart failure under chloroform which I have overlooked, because “ Surgeon- 
Major Lawrie has never felt the pulse during chloroformisation.” The whole of this statement 
is a gratuitous invention, All my operations are performed in public ; I haye never had a case 
of heart failure, and I frequently take the opportunity of demonstrating that the action of the 
heart and the pulse are invariably regular when chloroform is properly administered. I do not 
allow the pulse to be taken as a guide as to the effect of chloroform, because I know it is no 
less useless than dangerous, 





Finally, Dr. Dudley Buxton asserts that the Hyderabad Commission has not proved 
that there is no such thing as chloroform syncope, because “ its conclusions are based upon 
purely negative evidence,” If Dr. Buxton were as familiar with the A B C of logic as he 
would have us believe he is with the A B O of the chloroformist’s duties, he would know that: 
proof of the absence of anything must always be negative proof. The rest of Dr. Dudley 


Buxton’s letter consists of a bald statement of creed, unsupported by any explanatory reasons, 
and does not call for further notice, 


I am, Sirs, your obedient servant, 


EDWARD LAWRIE, Surgeon-Major. 
May 11th, 1891 


* Vide Tie Lancer, April 4th, 1891, 


























LETTER FROM Dr. DUDLEY w. BUXTON, 


To vHe Eprors or “THe Laxonn ey 
Sins,—Together with other earnest seekers after truth, I much re. 
lack of courtesy in Dr. Lawrie’s reply to my letter upon this subject. 
strengthen his position by accusing me of “ gratuitous invention,” 
his sentence: “If Dr. Buxton were as familiar with the A BO 0 


gret the tone and 
Dr. Lawrie will hardly 
or by the sneer conveyed in 


jo flogic as he would have 
believe he is with the A B C of the chloroformist’s duties, he would know that proof of fe 


absence of anything must always be negative proof.” The italics are mine. Unfortunately for 
Dr. Lawrie’s argument, he quotes my words, which are “its (ie., the Hyderabad Commission’s) 
conclusions are based upon purely negative evidence.” TI cannot: suppose Dr, Lawrie can con- 
fuse the terms “evidence ” and “ proof” or the phrases negative evidence” with “ negative 
proof.” If he does, I may perhaps be excused if I declined to accept his views upon the rules 
governing the constitution of the logical syllogism, Dr, Lawrie again indulges in calling what 
he regards as my “‘ methods ” by hard names ; but this I can forgive, for he evidently does not 
understand in what they consist. Unless purely personal matters are excluded in discussing 
questions, the foundations of which are purely scientific, I must decline to participate in them, 
Tt cannot tend to increase our knowledge of the physiological action of chloroform for us to 
hear that Dr, Lawrie of Hyderabad regards Dr. Dudley Buxton’s [of London |!| method as 
“impracticable,” and its “absurdity only surpassed by the absurdity of another specialist.” 
Such an unguarded manner of expression can subserve no useful purpose. 


Tam, Sirs, yours obediently, 
DUDLEY W. BUXTON, 


Angsthetist in University College Hospital, 
Morrmer-street, W., May 18th, 1891, 





[Dr. Dudley Buxton accuses Surgeon-Major Lawrie of lack of courtesy, 
and if the accusation were well founded, Surgeon-Major Lawrie would apologise 
to the whole profession. But the view we take of the matter is this. If 
specialists publish their plans of chloroform administration, while adversely 
criticising the Hyderabad Commission, they can have no possible ground of 
complaint if they are criticised, however severely, in their turn. It argues no 

» and know it to be impracticable to give chloro- 


discourtesy that we conside i 
form safely or properly in the manner described by Dr. Dudley Buxton as 


“my plan”. 

Dr. Buxton made a statement regarding Dr. Lawrie’s practice which is 
inconsistent with fact. We have yet to learn that any lack of courtesy . 
inyolyed in the opportunity Dr. Lawrie afforded Dr. Dudley Buxton o 
honorably withdrawing this specul 
that it was a gratuitous invention. | 





ative misstatement when he pointed out — 
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ARTICLE BY ARTHUR R. CUSHNY, a.m, a1, (Aberd,) 
(FROM THE PHYSTOLOGIOAL LABORATORY OF BERN UNIVERSITY.) 
«© The Lancet”, March 14th, 1891. 


Tun report of the Hyderabad Chloroform Commission has been read with interest not 
only in England and America, but also in Germany and Switzerland, where it has aroused 
widespread discussion and comment, In the latter country especially, which is at present in 
the throes of a discussion as to the respective merits of tho rival anesthetics, tho report of the 
second Commission was awaited with anxiety and recoived with much approbation by the 
numerous advocates of chloroform. On the decision of the Commission becoming known, 
Professor Kronecker of Bern, whose pupils, Ratimoff and Schemey, had already shown tho 
poisonous action of chloroform on the heart, suggested that I should make a few experiments 
on the subject. The details of these will be published elsewhere, and I will here state merely 
the general results, 


By the Hyderabad Commission no experiments seem to haye been made with chloro- 
form vapour of ascertained concentration, and, as this factor seems to be of considerable 
weight, I have used an apparatus* in which it could be exactly regulated. This consists of 
two wash-bottles, one-third filled, the one with chloroform, the other with water. Part of the 
air inspired by the animal passes through one, part through the other, and becomes saturated 
with chloroform fumes or water vapour accordingly. The proportion of the chloroform 
saturated to the moisture saturated air is regulated by two graduated stopcocks (Kroneckner’s 
Schiebhaln), The two currents unite, and are led by a short tube to the tracheal canula. 
Expiration is provided for by a small hole in the sheath of the latter, which is covered by a flap 
of moist goldbeater’s skin, to prevent the inspiration of air which has not first passed through 
the apparatus. In order to exclude all chance of asphyxial complications, and to allow a 
regular amount of chloroform to be absorbed in a given time, the air was driven through 
the apparatus by a machine for artificial respiration, Tho animals used were dogs and rabbits, 
and the experiments were carried out at ordinary room temperature (15° to 17° C.). The 
moyements of the heart and respiration were recorded by a heart needle and diaphragm lever, 
and tracings were taken in almost all the experiments. In the respiratory tracing the curves 
formed by spontaneous respiration were combined with those caused by tho artificial inflation 
of the lungs, but could bo easily distinguished, and the moment of cessation of the former 
ascertained, When this occurred artificial respiration was generally stopped for a few 
seconds, to see if any spontaneous movements occurred. I may here state that the heart 
needle was not found to be an accurate index of the heart beat, as in some cases 
it continued to vibrate after paralysis of the ventricles, owing to the continued pulsation 
of the auricles communicating a motion to tho yentricles through which the needle 
passed. In all cases, therefore, in which there was any doubt as to the condition of tho 
heart, artificial respiration with air was resumed, and the heart obsoryed directly by opening 





* Ratimoff and Schemey used the same apparatus in their experiments. 
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the thorax, ds {se a chloroform was applied to a rabbit (oxcept when the vapour was 
greatly diluted with air), the animal began to struggle and the respiration be % 

with expiratory gasps, or almost ceased for a few seconds, Very soon Gaus sa 
respiration described by Knoll set in, In those cases in which the air was ee pute 
chloroform (¢.¢., in which all the air inspired passed through the chloroform bottle) "e go 
only lasted from twenty to sixty seconds. In cases in which a lower conednteation “ne 
it lasted much longer, sometimes for two hours, but in all the Spontaneous respiration 
dually got shallower without getting slower, till it ceased entirely, The condition of the es, 
at this moment varied with the concentration in which the vapour had been blown into 
lungs. Of seventeen rabbits chloroformed with saturated air, in five the whole heart cane 
to beat, in nine one or both auricles were in rapid motion while the ventricles wero still, in one 
the left auricle alone was paralysed, while in one the whole heart was in diastolic standstill 
In rabbits which were anmsthetised with a mixture of chloroform vapour and air, ie A 
experiments in which the stopcock on the water-bottle was partially open, the whole beat pos 
invariably found beating, but the more chloroform the mixture contained the weaker was the 
heart beat. Eyen when only four parts chloroform-bearing air were mixed with ninety-six parts 
pure air the respiration ceased, though only after from two hours to two hours and a-half’s 
exhibition of the drug. With lower concentrations than this I could not obtain narcosis, and 
did not attempt to find how long an animal could be exposed to the vapour, Ratimoff found 
that rabbits could be kept narcotised for six hours without the respiration ceasing, Paul Bert, 
on the contrary, found that dogs died after two hours and a-half’s constant inhalation if the 
narcosis was complete, Seyeral dogs were chloroformed by the same method, and in all of 
these, however concentrated the chloroform vapour, the respiration ceased, while the heart 
could still be felt pulsating. A rather higher concentration was required to keep dogs narco- 
tised than was necessary for rabbits, 


In regard to the restoration of spontaneous respiration, in both dogs and rabbits, I found 
that success depended not so much on the length of the interval between the cessation of the 
spontaneous and the recommencement of tho artificial respiration as on the concentration in 
which chloroform had been given, In dogs inflation of the lungs was successful in all cases, 
In rabbits, on tho contrary, it was impossible to restore life when chloroform-saturated air had 
been used, however soon after paralysis of the respiration restorative measures were taken, 
When a_ half-and-half mixture was used, three out of eleven animals could be resuscitated, and 
with lower concentrations the proportion of recoveries increased till below 25 per cent, all 
animals could be restored. In one case, in which a 4 per cent. mixture was used, an interval 
of three minutes elapsed before artificial respiration was begun, and the animal still recovered, 
The chances of recovery after paralysis of the respiration, in fuct, depend entirely upon the 
condition of the heart, and therefore on the concentration in which the drug has been used, 
art is yery mueb weakened by yery concentrated adminis- 
tration, it is impossible to restore tho respiration, If, on the other hand, the haart is com 
paratively unaffected, as in dogs, or in rabbits in which the drug has been administered in a 
more diluted form, the animal can always be revived provided the OQSESELTY, MOAEREDE AO) takon 
within a reasonable time, ‘Tho essential point is that the drug be given in sufficient dilution 


Tf, as is the caso in rabbits, the he 












to avoid its action on the heart, and if this dilution can be sufficiently provided for, observation 
of the pulse is not absolutely necessary. Although I cannot agree with the Hyderabad Com. 
mission that the heart always continues to beat after respiration ceases, yet the difficulty in 
maintaining the concentration necessary to paralyse the heart simultaneously with the respir- 
ation is extremely great, and should think that in ordinary chloroform administration such a 
simultaneous paralysis can never occur, 


As, in the great majority of my experiments, death was due to the respiration alone, 
some experiments were made to find the condition of the medulla oblongata during chloroform 
narcosis, This question was approached by an examination of the reflexes connected with it, 
T found that these all ceased before the respiration, and returned (in cases where the animal was 
revived) some time after spontaneous respiration had set in. The more concentrated the 
mixture, the shorter the interval between their disappearance and that of respiration, Tho 
first to cease to act was the corneal reflex, then that on the respiration from the nasal branch 
of the trigeminus, then the swallowing reflex from irritation of the soft palate or of the superior 
laryngeal nerve ; and, last of all, Traube’s active expiratory reflex from expansion of the lungs, 
The reflex in dogs were not so carefully noted as in rabbits, but in general presented no 
marked differences. 


The respiratory centre, as Knoll has pointed out, is affected differently in different 
stages of chloroform narcosis, At first it is acted on by the reflexes first from the nose then 
from the trachea and lungs. Then the rapid stage of respiration sets in. This occurs after 
division of the vagi, and is due to stimulation of the vagus roots in the medulla, and not to 
stimulation of the respiratory centre itself ; for, if the latter were the case, the result would be, 
as Marckwald has pointed out, respiratory spasms ; whereas, after section of the medulla above 
the centre and division of both yagi, chloroform breaks up the resulting spasms into regular 
respirations exactly as weak tetanisation of the yagi does, Last of all, the centre is paralysed 
by chloroform, and fails to respond to electrieal stimulation of the medulla, The blood-pressure 
was registered in several experiments in which the drug was administered in weak concentra- 
tion, and I found that there occurred a slight riso and then a very gradual uninterrupted fall. 
In yery weak form (4 per cent.) chloroform caused no preliminary rise, but a slow fall from 
the yery first, though so gradual was the change in pressure that it could only be seen by 
comparing the curves at intervals of ten minutes, No such sudden falls of pressure were seon 
as have been noted by some critics of the Commission, which is perhaps to be explained by tho 
abundant and uninterrupted supply of air to the lungs. I may remark that in those experi- 
ments in which the movements of the heart were registered directly, they never showed any 
sudden change, but a gradually increasing weakness, which culminated in paralysis or passed 
off, according as chloroform was continued or shut off, 


For the sake of comparison a few experiments were made with ethor, and the same 
stages were observed as with chloroform, death occurring equally rapidly if undiluted ether 
Yapour was used, and being due to paralysis of the respiration alone or with accompanying 
heart paralysis. In one case delirium cordis was observed after a minute and a quarter's in- 
halation, Rabbits ansthetised with pure other yapour could not be reyived by artificial res 
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piration. Dogs always ceased to respire while the heart conti 
which diluted vapour had been given, and the majority of these could be revived Th 

appear to behave in the same way as in chloroform nareosis, Ether was Ges fF rie 
centration than chloroform, and the respiration could be mora certainly weil " tis 
example, in ono caxe 8 per cont. was given for two hours without killing the acta while 
with chloroform 5 per cent. was fatal after one hour and a-half, This fuab'in es more 
striking because a yery much larger quantity of ethor than of chloroform is giyen in a 
concentration of 8 per cent. Theoretically, 2°7 times as much ether as chloroform should 
be carried to the lungs by a given quantity of air, and by actual experiment I found a 


proportion of 2°61: 1, In both anesthetics the action on heart and respiration seems the 
same, a difference in degree only being perceptible.’ 


inuied to beat, as also did rabbits to 


Ether can be given in greater 
quantity with safety ; but so long as the proportion of drug to airis kept low pa 


either can be used with safety. The concentration necessary to keep rabbits and dogs 
“under” chloroform is respectively four and eight parts chloroform vapour (at from 15° to 
17° ©.) to ninety-six and ninety-two parts pure air, Since, howeyer, the concentration 
necessary to maintain narcosis varied in different species of animals, no inference could be made 
ry for men, and my results would have been incomplete had I not been 
enabled through the kindness of Professor Girard and Dr, Niehans to carry out some experi- 





as to that nece 





ments in their operating threatre in Bern Inselspital. In these experiments the ansthetic 
was given in the same way as in my experiments on animals, with the exception that, instead 
, a Y-shaped glass tube was used, the two ends fitting tightly into the 
patient's nostrils, Expiration was allowed through the mouth, but inspiration through it was 





of a tracheal canu 


prevented by a valved respirator. The patients in general did not object to the method, and 
one who had to be anzsthetised again some days subsequently begged that the apparatus might 
be used again instead of the mask. Narcosis was attained in from five to twelve minutes by 
a mixture of 15 or 20 per cent. of chloroform, and could be kept up by continued inhalation 
of 5 to 7 per cent, in children and of 7 to 10 per cent, in adults, Almost no excitement occur 
red, Throughout the narcosis the face and conjunctiva remained red, and in several cases the 
concentration necessary to keep up insensibility with retention of the corneal reflex was main 
tained. With ether adults were narcotised with difficulty, and only after prolonged inhalation. 
Anesthesia was afterwards kept up by a concentration of 10 to 15 per cent. Children pre« 
sonted less difficulty, requiring 25 to 80 per cent. to induce insensibility, which continued 
uninterrupted with a concentrat ion of 10 to 15 per cent. Inall Re the usual increased 
secretion of tears, saliva, and mucus was manifested. The-difficulty in inducing narcosis with 


ether seems to confirm the theory of many observers that ether alone is insuflicient for this 


purpose, and must be aided by a partial asphyxia. 


es may be summed up shortly by saying that, to maintain 
nareosis with chloroform, a concentration of five to seven and seven to ten parts of chloroform 
saturated to ninoty and ninety-five parts pure air must bo adopted for ee ks adults 
respectively ; athe if ether be used, concentration of ten to fifteen ue ee, ab ne 
and cighty-five parts pure air is suitable for all ages. The pees 2 : a Dosnee af 
higher concentration to induce narcosis, but, as soon as the eyelid reflex disappears, al 


The results of these narcos' 
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proportions should be given. 'The use of the above apparatus (which will be more fully de- 
seribed in the Zeitschrift fur Biologie) offers an easy method of regulating the strength of the 
inhalation, but, if the usual method is adopted, the anesthetic should be poured on frequently 
and in small quantities rather than at longer intervals and in largest doses. By tho latter 
method of administration the narcosis is rendered unnecessarily, and often dangerously, deep 
for a short time, and then quickly passes off ; while by the former it is kept at approximately 
the same depth throughout. 


ARTICLE BY Surcrox-Masor EDWARD LAWRIE. 
« The Lancet”, July 15th, 1891. 


Tur article on chloroform and ether by Dr. Arthur R. Cushny in Zhe Lancet of March 
14th, 1891, isa valuable and opportune contribution to the literature of anwsthetics, and is 
especially welcome to the Hyderabad Commission, Dr, Cushny agrees with us in so many 
important particulars that it is impossible to regard him as anything else than an ally ; and 
though the cause of the Commission does not require bolstering, Dr, Cushny’s experiments and 
report are the best support we have had yet. 


Dr, Cushny agrees with us that the effect of ether is precisely similar to that of chloro- 
form only less intense, and that it is very difficult to produce narcosis at all with other apart 
from asphyxia, On the practical question he says, “in ordinary chloroform administration 
such a simultaneous paralysis of the heart and respiration can never occur,” and he further 
states that “no such sudden falls of pressure were seen as haye been noted by some critics of the 
Commission, which is perhaps to be explained by the abundant and uninterrupted supply of air 
to the lungs.” 


On all these points Dr, Cushny is clearly a friend to be welcomed, Where he appears 
to be wrong is in overlooking the effect of the residual chloroform in the lungs after he has 
finished pumping chloroform into the trachea. It is obvious that artificial respiration must be 
much more likely to fail when the air in the lungs is saturated with chloroform than when it 
only holds a yery small proportion of the poison, The Hyderabad Commission succeeded in 
giving chloroform, by the ordinary method of inhalation, in such a dose that artificial respira- 
tion failed to get rid of it quickly enough to saye the animal’s life. ‘This occurred in dogs 3 
and in dogs, with Dr. Cushny, artificial respiration was always successful. In these cases he 
must allow that the inspired air was fully saturated, and in all of them every by-stander, inelud- 
ing The Lancet’s choson representative, Dr, Lauder Brunton, was satisfied that the heart con- 
tinued to heat after, generally long after, the respiration had ceased. Whether or how far the 
Hyderabad Commission experimented with dilute chloroform is a matter of no consequence. 
We tried concentrated yapour, in which alone Dr. Cushny can find any danger. We are quite 
agreed that extreme concentration is dangerous, but this is so because it leads to the rapid 
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intake of an overdose, and not becanse there is any 
degree of concentration. The Hyderabad Commis 
injected into the large veins of the neck, show that 
stop the heart till after it has paralysed the vespirati 


action on the heart peculiar to any particular 
son's experiments, where chloroform was 


even pure chloroform in the blood does not 
on. ‘ z 





It is abundantly proved that diluted chloroform, 
causes an accumulation of chloroform in the blood su 
cessation of the respiration, and finally death, 
the same sequence of events in a shorter time, 
action on the heart peculiar to itself, unless it he 
to spasm of the bronchioles, or in some other vy 


provided it is not too dilute, gradually 
ficient to produce first narcosis, then 
A higher concentration can only bring about 

The higher concentration cannot haye any 

that the more concentrated Vapour gives rise 
‘ay impedes the oxygenation of the blood, and 
the heart injuriously, It is impossible that the oneak 
trated vapour can act upon the heart in a mysterious way before it gets into the blood, It is 
clear also that the harmless dilute yapour must in time accumulate in the blood ; otherwise it 
could not bring about narcosis and cessation of the respiration, But we may well enquire why, 
when this point is reached, it does not then haye the same effect as the concentrated yapour ? 
The truth is that the concentrated vapour interferes with natural respiration and the natural 
oxygenation of the blood; and in the Hyderabad Commission’s report, and in that of 


so, pace Professor MacWilliam, affects 


| Dr, Cushny, it is remarkable that there is an utter want of uniformity in all experiments where 
normal respiration is interfered with, and complete uniformity in all experiments with chloro- 

form inhaled in the natural way. The concentrated vapour of chloroform cannot be voluntarily 
| inhaled by man or by animals, When a patient or an animal is forced to inhale concentrated 


yapour involuntarily, or if it is pumped into the trachea, the danger lies in the fact that when 
it is desired to stop giving tho chloroform it is entirely beyond control, and though the 
administration be discontinued, the discontinuance does not actually commence until the 
residual amount far down in the lungs has been got rid of. Long before this can bo offected 
either by artificial respiration or in any other way, the patient may he dead. 


Dr, Cushny and the Hyderabad Commission are in complete accord with regard to the 

i practical administration of chloroform, and haye the same object in view. That object is the 
| dilution of the anesthetic toa point consistent at once with full anesthesia and with safety 
Dr, Cushny attains this end by means of an apparatus. The Hyderabad Commission attains it 
with equal certainty by giving the chloroform in such a manner as to ensure normal regularity 

of the respiration. Lister has demonstrated that the strength of vapour which can be naturally 
inhaled on an open cone or on a towel is from two to four per cent, With regular Tirealli gs 

if the number of respirations and the number of cubic feet of air inspired ina minute are 
known, the dose of chloroform inhaled in a given time can be estimated with almost uniform 
tecuracy, But if the breathing is irregular, tho intake of chloroform will be variable and 

\ uncertain, and there will be danger in proportion to the uncertainty of the dose. Lastly, if the 
Vapour is concentrated so as to compel the patient to struggle and hold his broath, the risk a 
oyerdosing is enormous, Asphyxia ensues and leads to deep gasping inspirations and rapid 
and, may be, irremediable poisoning. It follows from theso considerations that. the strongest 
vapour of chloroform which can be inhaled with regular natural breathing constitutes the safo 
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dilution of tho anesthetic, and that tho most trustworthy as well as the most universally manage- 
able guide to safe dilution must bo regular respiration, The essential factors in chloroform 
administration are diluted chloroform and regular breathing, but whatever be the degree of 
dilution regular respiration alono ensures a measured dose and alone maintains regularity of the 
heart’s action and of the circulation. The sole raison d'etre of an apparatus is to determine safe 
dilution, But as this is definitely determined by regular respiration, and as regularity of 
the breathing ought to be assured in chloroform inhalation whether an apparatus is employed 
or not, it is evident that an apparatus is superfluous. Theoretically the Hyderabad Commission 
has no objection to any forms of apparatus or inhaler, excopt that no apparatus can ensure 
regular breathing ; but practically we know that their complicated nature demands some of the 
chloroformist’s attention and may lead to neglect of the all-important respiration, An appara- 
tus is therefore not only superfluous, but introduces an element of danger into the administration, 
To keep the patient’s breathing absolutely regular during the inhalation of chloroform, and to 
sustain the necessary watchfulness for the warnings afforded by the respiration and by the 
reflexes whereby oyerdosing can be avoided, yequires the undiyided and unceasing attention of 
the chloroformist. 


I trust I have made it clear that the Hyderabad Commission has no intention of criticis« 
ing Dr, Cushny’s admirable work in anything but the most friendly spirit. We aro thoroughly 
satisfied. Dr. Cushny may still think that there is theoretical danger to the heart, but he is 
constrained to admit that it could not occur in practice. Haying got so far, we venture to 
express a confident hope that he will continue his experiments and observations, and that he will 
yet seo his way to accepting the whole truth. 





THE HYDERABAD CHLOROFORM COMMISSION. 
LETTER FROM Dr, RICKARD W. LLOYD, 


To rum Eprrors or “Tar Lancer”. 


Sims,—In his article published in Tun Lancer of March 14th, Surgeon-Major IR 
Lawrie, President of the Hyderabad Commission, emphasises the importance of the respiration 
and totally ignores the circulation, as a guide in the administration of chloroform. Undoubt- 
edly the respiration is essentially important, but my view, after ten years’ practical experience 
of anesthetics, is that the circulation is also sometimes an important guide to the anesthetist 
during an operation, and often most valuable, No method of administering chloroform will 
ensure the uniform behayiour of all patients during tho induction of chloroform anesthesia. 
The action of chloroform upon a patient is influenced by mental and physical conditions as well 
as by disease, The effects of the chloroform upon the circulatory, nervous, and respiratory 
systems, especially when they are diseased, as well as the loss of blood and the duration and nature 
pte operation (these being the conditions that have to be met by the practical anmathetist) 
influence the respiration in such a Way in some cases as to make it expedient to obtain all the 
information that can bo gathered of the extent of exhaustion, the probable power of endurance 
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and the genera: state of the patient, This knowledge is to b obtained from thi iration, 
d 8 8 
pi 6 resp 5 


the pulse, the pupil of the eye, the sensibility of 
: the «i i 
may be under observation at the same re auc ate Compleat elictemital 


administered in the manner described by me ina paper read pad chloroform, when it is 


f 7 “ u bi 4 
Chirurgical Society, and which is fully reported in The Tae pe aa ed 
i . @ condi- 


; also sometimes usefi Fy 
relies on all these sources for information will sometimes be able to ee 2 Berra bes 
: © an administration 


of chloroform when, if he relied u irati 

aes se : d upon the respiration solely, he would fool bound to disconti 

it. have on several occasions had the greatest difficulty in satisfyin lf ae 

. . . m i i 
was in progress at all, especially in connection with some operations aa ne ee ae 
fracture or other condition in which the functions of the brain : de depraved 
haye found the pulse t valuak ide i i ve ee ae 
avo pulse most valuable as a guide in such cases, justifying mo in supplyi uff 

cient chloroform to prevent reflex movements of the patient fieaiiasin : As | ee i : ea 
is unimpaired and there is no cyanosis i S: Md 
fe i Fi s syanosis it may not be necessary to go further for information, but 
early in the progress of administration the breathing may be accompanied by stertorous nate 
—not true stertor,—the pupils be dilated or the corneal reflex abolished, and yet the anesthesia 
may not be sufficient for operation, and in such circumstances the pulse will be found quick 
perhaps, and not the slow pulse of complete chloroform anwsthesia, When an operation has 
heen some time in progress the respiration may still be good while the patient may haye the 
appearance of extreme exhaustion, and the pulse will then enable the anesthetist to judgo 
whether it is necessary to hurry or close the operation, or whether stimulants are imperatively 
called for, Shallow respiration is not uncommon and, when the respiration only is relied upon 
dangerously misleading, often when not appreciated giving rise to sudden and alarming ane 
toms. In practice each of the guides mentioned is of great service, and without them opera 
tors would often be disturbed, and sometimes unnecessarily prevented from completing their 


operations. The following case throws great light upon the effect of chloroform upon the 
heart and respiration. 


tion of the muscular system, as to relaxation, is 
, i 


In January, 1891, J. B.—, aged fifty-one years, came into the theatro for radical 
cure of hernia, and it was my intention to give him chloroform; but on seeing him as his appear~ 
ance presented venous congestion, I gaye him ether. After about a quarter of an hour of the 
operation there was so much saliya and mucus excited by the ether that it was impossible to 
keep the patient properly under, and I therefore changed to chloroform, which I administered 
with extra care, for the reason already stated, 7.¢., in addition to simply satisfying myself that 
the respiration was good, I proceeded with tho sprinkled lint lying on the separated figures of 
my right hand in front of the mouth, which enables one to feel the foree of expiration ; with 
my left middle finger on the left temporal pulse and my left thumb holding up the left upper 
lid of the patient, and testing the corneal reflex when necessary, watching the respiratory 
moyements of the abdomen (which was exposed), the complexion of the face, and the pupil of 
the eye. After about half an hour I suddenly missed the temporal pulse, and found it was also 
absont from the wrist, notwithstanding that the respiration continued, After a few moments 
the pulse returned, and the pharyngeal reflex being present I gave two teaspoonsful of brandy 
in small quantities, which were swallowed. Then continuing the chloroform, guardedly as 


. 














before, after twenty minutes the pulse ceased again, and I asked tho nurse to give an enema of 
half an ounce of brandy with water, called the attention of those around to the absence of pulse 
and the continuance of respiration, which they observed before the respiration ceased, when 


a little artificial respiration so far restored the patient that the operation was continued and © 


completed in another twenty minutes. During this latter time a very little chloroform only 
was given when the patient had so far recovered as to call out loudly. The patient afterwards 
told me he felt nothing of the operation. This patient’s heart was, so far as could be ascertained, 
practically sound. Here then was an operation taking place under chloroform, during which 
the pulse of the patient undoubtedly failed before the respiration on two occasions, the pulso 
recovering on the first without cessation of respiration, and the respiration failing on the second 
occasion some seconds after the pulse, and while it was still not to be felt. 


T haye endeavoured to show in this letter the importance of the pulse as a guide to the 
anesthetist, under some circumstances, during chloroform administration ; and it is not my 
intention to express an opinion as to which of the two,—the respiration or the circulation, — 
invariably ceases first in death from chloroform, believing, as I do, that it is sometimes ono 
and sometimes the other, 


Lam, Sirs, yours faithfully, 


RICKARD W. LLOYD. 
Russell-road, Kensington, W., March 15th, 1891, 


REPORTS TO THE SCIENTIFIC GRANTS COMMITTEE 
OF THE BRITISH MEDICAL ASSOCIATION, 


REPORT ON AN EXPERIMENTAL INVESTIGATION OF THE ACTION 
OF CHLOROFORM AND ETHER, 


Read in Abstract in the Section of Medicine at the Meeting of the British Medical 
Association at Birmingham, July 1890, 


By JOHN A, MacWILLIAM, ».p., Regius Profossor of the Institutes of Medicine 
in the University of Aberdeen. 


(Reprinted from “ British Medical Journal” of Oct. 18th, 25th, & Nov, 1st., 1890.] 


Tux following research was systematically commenced in 1888, and has been carried on 
at intervals since then. The experiments haye been conducted upon animals of yarious kinds, 
chiefly upon cats and rabbits, The most important experiments were performed on cats, and 
all the results detailed in this paper are to be taken as being applicable to that animal. 
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PART I, 


The experiments may be divided into two classes, 


* d F The first cl i 
experiments in which chloroform was given in the ordina: peiviic: | 


‘ ty way by inhalation, while tl 
respiratory movements and the blood-pressure were graphically recorded, ‘This hb - 
’ 


addition to leading directly to certain conclusions, gaye results which were largely used for 
comparative purposes. 


The second class of experiments comprises those in which a new method o 


f studyi 
condition of the heart and vascular system w: studying ‘the 


i as employed. By this method a simultaneous direct 
graphic record of the action of the auricles and the ventricles was obtained, alongside of a tracing 


of the arterial blood-pressure ; precise information as to the state of the different parts of the 
heart was derived directly from the organ itself, There can be no doubt that blood-pressure 
tracings alone are entirely unsafe guides as to the strength and character of the hearts action, 
or even of the ventricular beats. The oscillations in a blood-pressure tracing caused by the 
ventricular beats do not furnish any sure indications of the condition of the ventricular action, 
A weak ventricular beat may cause a very large oscillation in the blood-pressure trace, and 
vice versd. I have shown in a former paper that when tho heart recommences beating after a 
period of inhibition (from vagus stimulation), the abnormally extensive oscillations in the 
blood-pressure tracing caused by the recommencing beats are often due to systoles that are 
much weaker than normal. The oscillations in a blood-pressure trace depend upon the amount 
of blood thrown out by the heart into the aorta, and the conditions obtaining in the arterial 
system at the time, Hence it is evident that blood-pressure records cannot be relied upon as 
giving accurate information as to the state of the cardiac action,” 


Mode of obtaining Direct Graphic Records of the Cardiac Action and Blood-pressure 
Tracings simultaneously.—The animal to be experimented upon was completely anssthetised 
with chloroform in a box, and was then made fast in the usual manner upon a Czormak’s 
holder, a tin of warm water being interposed to maintain the temperature as far as possible. 
A canula was insorted into the left carotid artery, and connected with a Ludwig's kymograph, 
so as to give a blood-pressure tracing in the ordinary way. Tracheotomy was then performed, 
and a canula tied in the trachea, through which artificial respiration was maintained by means 
of a bellows worked steadily and regularly (by a small motor) at a known rate and in such a 
way as to supply a uniform amount of air at each stroke, ‘The expired air escaped through side 
apertures. Tho rate and extent of the artificial respiratory movements were made to correspond 
as fur as practicable to the rate and extent of natural respiration under chloroform. 


The thorax was then laid open, the part of the chest wall over the cardiac region—in- 
cluding the lower part of the sternum—being removed. Ligatures were tied round the ribs 
before they were cut through, in order to prevent hemorrhage. The internal TRnEETY arteries 
were clamped, and when necessary hwmostatics were applied to prevent coring tom one, 
&e. The pericardial sac was then laid open, and the recording apparatus placed in position. 
The whole proceeding was accomplished with only a yery trifling loss of blood. 





* Journal of Physiology, Vol. LX, p, 363. 
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‘The recording apparatus employed to register the heart’s action was one which I haye 
already described in the Journal of Physiology, vol. ix, It is adapted for recording the moye- 
ments of one auricle and ono ventricle simultaneously. Hither auricle can be registered : 
sometimes the one and sometimes the other was used. A thread was attached to the tip of 
tho auricular appendix, and this thread led to a receiving tambour which communicated with 
a recording tambour ; the latter inscribed its movements ona smoked surface. In order to 
prevent possible displacement of the auricle in the course of tho experiment, its dorsal part 
was steadied by fixing ina clamp the parietal pericardium close to the auricular tissue, care 
being taken not to include any of the auricular substance in the clamp. The clamp was held 
firmly in position by means of a brass rod. With such an arrangement each contraction of the 
auricle causes a pull upon the thread and a movement of the lever of the recording tambour, 
Hence tho contraction and relaxation of the auricle are expressed by up-and-down movements 
of the recording lever upon the smoked surface. Moreover, distension or dilatation of the 
auricle causes—by slackening the thread—a change in the leyel of the recording lever ; the 
arrangement of the apparatus is such that the lever rises. On the other hand, during collapse 
of the auriclo the thread is subjected to increased tension, and the level of the recording lever 
falls, Thus any continued distension or collapse of the auricle will be attended by a correspond- 
ing displacement of the recording lever. 


In order to obtain a ventricular tracing a boat-shaped vulcanite trough was first slipped 
underneath the ventricles, so that the latter had a firm bed to rest upon ; the vulcanite trough 
was rigidly held 7x situ by a strong iron yod. Then a float attached to a light lever was made 
to rest upon the ventral surface of either ventricle, and this lever was connected with a system 
of tambours in such a way that any movement of the float was communicated to a recording 
tambour, and inscribed on the smoked surface beneath the tracing simultaneously written by 
the action of the auricle, ‘Tho beats of the ventricle cause up-and-down moyements of the float 
resting on its ventral surface, and these moyements are recorded on the smoked paper by an 
up-and-down moyement of the recording lever. Further, any dilatation of the ventricle causes 
an elevation of the float and a corresponding elevation of the recording lever ; and any collapse 
of the ventriclo or diminution of its dorso-ventral diameter is attended by a lowering of the float 
and 2 corresponding lowering of the recording lever. Thus while the recording lever indicates 
the beats of the ventricle by a rapid up-and-down movement (excursion), it also indicates con- 
tinued distension or collapse of the ventricle by a continued elevation or depression of the level 
from which it starts on its rapid up-and-down moyement (excursion), Distension of the yentri- 
cle causes an elevation of the general level or base line of the tracing inscribed by the record- 
ing lever on the smoked paper ; collapse of the ventricle is attended by a depression in the 
general level or base line of the tracing. 


It is impossible for me to enter fully into the principles and mechanism of this mode of 
recording the heart’s action ; it is sufficient for my present purpose to state that this method 
has been found, by an oxtended experience of its working in experiments of many different 
Kinds, to give accurate indications of changes in the rate and energy of the cardiac action, and 
also of changes in the state of the heart's chambers as regards distension or the opposite condi- 
tion, The results obtained with this apparatus haye been tested and controlled by the employ- 
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mont of other modes of registration, for exam 

‘ : EIS MEMOS sample, by the use of light 1 i 

auricle and ventricle and inseribing their moyements directly Gini inet ne a 

tambours) upon the smoked paper. There has been a complete narcemndit et ae 
important 


points between tho results obtained by the different methods. 


It may here be remarked that the amount of mechanical interference j lyed i 
application of the aboye method does not cause any serious injury to the te rte ie in the 
the vascular system generally. Tho heart goes on beating with senate j ee oy 
steadiness for many hours ; a high blood-pressure is rare wae and th pes nity, and 
on with great activity. a @ circulation is carried 


The rate of the movements of artificial respiration is usually indicated in the auricular 
tracings by a slight rhythmical oscillation in the base line of the tracing, A time record 
(seconds) is inscribed on the same paper alongside of the other tracings ; age in addition, an 

> > 


electrical signal marked the points of time at which yarious eyents (giving of chloroform, &e.) 
occurred. fee: 


Long sheets of smoked paper were employed, and upon them there was obtained side by 
side, by the method described, a simultaneous record of (1) the arterial blood-pressuro, (2) the 
action of the right or left auricle, (3) the action of the right or left ventricle, (4) the number 
of the artificial respiratory movements, (5) a time trace marking seconds, and (6) the inserip- 
tion of an electrical signal indicating the time of occurrence of certain events. 


Mode of Administering the Anasthetic—The bellows employed for artificial respiration 
were connected with the canula in the animal's trachea chiefly by India-rubber tubing. Tn 
the course of this tubing a wide-mouthed bottle was interposed, so that the air coming from the ‘ 
bellows passed through the bottle. The tube leading from the bellows was attached toa glass 
tube which passed through the cork and reached down to within one-eighth of an inch of the 
bottom of the bottle, The air entering the bottle through this tube passed ont by another tube 
which projected just beyond the surface of the cork internally, and was connected outside the 
hottle with a piece of India-rubber tubing leading to the tracheal canula, Between the bottle and 
the tracheal canula were two side tubes through which a very large part of the air sent by the 
bellows through the bottle escaped, so that only a small part of the air that passed through the 
bottle entered the animal’s lungs. ‘Through these side tubes tho air sent out from the lungs 
in expiration also escaped. 


Tho anwsthetic to bo administered was mixed with the air as it passed through the bottle, 
This was done by putting the chloroform or ether into a hypodermic syringe, the needle of 
which was made to pass through the cork ; the anwsthetic was then, by means of the syringe, 
thrown into the bottle in the amount desired, In the case of chloroform, small quantities were 
used commonly one minim at a time. ‘This amount usually required about twelve (artificial) 
respiratory moyements to evaporate it, and, as each moyement of the bellows sent fully 4°54 
cubic inches of air through the bottle, it is evident that the relative amounts of chloroform and 
air were 1 minim of chloroform in about 54°5 cubic inches of air, Now as 1 minim of chlo- 
roform, when eyaporated, gives only a fraction over Lcubie inch of vapour, it is clear that the 
strength of chloroform yapour in the air was about 2 percent, No doubt, however, the eyapo 
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ration of tho chloroform was somewhat more rapid in the earlier stages than in the later, when 
niost of the chloroform had yolatilised and the surface of fluid exposed to the air was diminish- 
ed ; but, even allowing for this, it is certain that at no time was the amount of chloroform 
yapour in the air over 3 per cent., and even when more chloroform was added before the first 
minim had eyaporated, the strength was always kept under 4 per cent. 

Different samples of chloroform (obtained from Messrs. Morson and Son, Martindale, and 
others) were used. Hach of the samples was carefully tested, and the following results were 
obtained :— 

(1) Appearance and smell characteristic of pure chloroform ; (2) specific gravity 1497 ; 
(8) absolutely neutral to litmus paper ; (4) when dropped into distilled water transparent 
globules were formed, with no milky halo of opalescence ; (5) not coloured on agitation with 
sulphuric acid ; (6) when shaken with distilled water nitrate of silver gives no precipitate ; (7) 
no green colour with chromic acid ; (8) iodine gives a violet colour. 

When ether (specific gravity 0°725) was used instead of chloroform the amounts injected 
into the bottle were much larger—15 to 25 minims at a dose. 

(For the sake of brevity I shall refer to the bottle in which the anesthetics were admin« 
istered as the “ anesthetic bottle.”’) 

PART IL. 
Mode of Conducting the Eaperiment.—During the whole progress of the experiments the 
animal was kept in an unconscious state, In addition to the necessity of obviating any chance 


of suffering, it was essential for the accurate working of the registering apparatus and the 





~ success of the experiment that the animal should be motionless ; the slightest movement or 
displacement might seriously interfere with the precision and regularity of the graphic records. 
And of course the use of other drugs, such as morphine or chloral, was contra-indicated, as they 
would complicate, and might yitiate, the results, The animal was accordingly kept under 
chloroform during the whole of the time, excepting the periods when ether was given instead 
of chloroform. Thus the experiments consisted in the administration of a further amount of 
the anesthetic to an already unconscious animal, so as to induce a deeper anmsthesia, When 
the increase of chloroform was about to be given, the condition of the animal was frequently 
such that it was unconscious and motionless, the heart action and blood-pressure steady and 
regular, the majority of the reflexes abolished ; but unconscious winking of the eyelid on touch- 
ing the conjunctiva was commonly present. A further amount of chloroform (usually 1 minim 
at a time) was then injected into the anwsthetic bottle, and there it evaporated and mingled 
with the air pumped through the bottle by the bellows. Only a small portion of the air passing 
through the bottle entered the animal’s lungs ; the greater part escaped through the side tubes, 
Thus only a small portion of the chloroform introduced into the bottle reached the pulmonary ait 
cells, Meanwhile the state of the conjunctival reflex was closely watched, and it afforded very 
valuablo indications as:to the action of the drug. In many cases chloroform was given in sufficient 
amount to cause a complete abolition of the conjunctival reflex ; but frequently there were 
changes of a marked character both in the state of the heart and the blood-pressure before the 
influence of the chloroform was sufficient to cause a disappearance of the conjunctival reflex. 
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The chiefeftects of chloroform shown by these experiments I shall now proceed to describe 


Fall of Blood-pressure.—The fall of blood-pressure well known to result from the aa 


fluence of chloroform was seen in the usual forms, slight and severe, gradual and rapid, In 
some cases the fall was preceded by a slight temporary rise, ; en 


Diminution in the Force of the Heart Beat,—When tho blood-pressure has fallen consider 


ably from the influence of chloroform, there is seen a marked diminution in the force of both 


the auricular and the ventricular beats, indicated by a lessened excursion (or up-and-down 


moyement) of their recording levers, The height of the curves inscribed on the smoked paper 
by the systole of the auricle and ventricle is markedly reduced, 


Now such a reduct ion in the contraction force of the heart is not necessarily due exclu- 

sively to any a influence of chloroform upon the organ. For a marked lowering of the 
blood-pressure from causes not directly affecting the heart, (for example, arterial relaxation) leads 
to a diminution in the force of the cardiac beat. The fall of blood-pressure involves, among other 
conditions, a lessened resistance to the discharge of blood from the ventricles and a reduction 
of the blood supply to the heart itself through the coronary vessels. In such circumstances the 
cardiac systole becomes diminished in force, as can easily be demonstrated with such a record 
ing apparatus as the one aboye described. Hence the weakening of the heart’s beat under 
chloroform may be in part attributed simply to the fall of blood-pressure brought about by the 
drug. But though a certain diminution in the force of the cardiac beat may be explained by 
the associated fall of blood-pressure, such a cause certainly does not account for the marked 
depression of the heart which occurs under chloroform, and becomes expressed by a dilatation 
of the cardiac chambers, 


Dilatation of the Heart—When chloroform was given in sufficient amount to abolish 
the conjunctival reflex completely, and yery often before that point had been reached, distinet 
dilatation of the heart commonly occurred. ‘This change inyolyed both auricles and yentricles 
right and left. Whether the tracings were taken from the right auricle and yentricle or from 
the left auricle and ventricle, the results were substantially the same ; more or less pronounced 
dilatation of the whole organ was clearly present. The general level or baso line of the tracings 
(auricular and yentricular) became elevated to a greater or less extent, indicating an eleyation 
of the portion of the auricular and ventricular walls connected with the recording apparatus, 
This depended upon a continued increased distension or imperfect emptying of their cayities, 
causing an increase in the dorso-ventral diameter of the various chambers, After a time, unless 
the dose of chloroform had been too great, the phase of dilatation passed away ; the parts of 
the heart resumed their former size ; the tracings sank back to their former level or base line, 
and resumed the characters they had borne before the chloroform had been given. 


in wi in the same 
These changes were caused over and oyer again with remarkable constancy in th 


animal by repeated doses of the anesthetic. Dilatation and recoyery followed one another 
in and again. ‘The occurrence of dilata- 


with great regularity, as the chloroform was given agai i ue 
tion is often remarkable for its suddenness ; its commencement frequently begins to be visible 


in the tracings within a few seconds (often under five seconds) of the injection of chloroform 


into the anaesthetic bottle, 
89 
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In somo cases the cardiac dilatation affected the whole organ with tolerable uniformity, 
In other instances the auricles and the ventricles were unequally affected, sometimes the auricles 
and sometimes the ventricles being more readily influenced. Occasionally the left auricle 
became very prominently distended. The distension of the auricles may, in some cases, he in 
part a secondary change. Their dilatation may be brought about or contributed to by a pre- 
ceding distension of the ventricles, whereby the auricles are rendered unable to discharge their 
contents in a normal manner, and so become distended. But in all probability the auricular 
dilatation is partly a primary change caused by the direct influence of chloroform, and not 
simply by the obstacle to their emptying themselves offered by the presence of an already 
existing ventricular distension. The fact that the auricles sometimes become affected much 
more readily and extensively than the ventricles supports this conclusion. 


The cardiac dilatation that occurs from the influence of chloroform is independent 
of any distinct change in the rate of the heart’s action. There is no slowing, or indeed any 
characteristic alteration of rhythm. ‘The rate of action commonly remains unimpaired, eyen 
when all the chambers of the organ have hecome greatly distended. When the dilatation has 
become extreme the heart fails in its function at the central organ of circulation, Though 
it continues to contract rhythmically, its action is feeble and entirely ineffective, and its cavities 
remain gorged with blood. In this condition evidence of rhythmic movement may still be 
obtained in the intact animal by passing a needle through the chest wall into the heart (as was 
done in many of the experiments of the Second Hyderabad Chloroform Commission). 


Relation between Dilatation of the Heart and the Fall of Blood-pressure.—The oceurrence 
of cardiac dilatation from chloroform is usually associated with a marked fall of blood-pressure, 
Now, a fall of blood-pressure involves various changes, nutritive and mechanical, in the heart ; 
as already mentioned, there is a diminished resistance to the ventricular systole and a lessened 
blood supply through the coronary arteries, But it can be clearly shown that the cardiac 
dilatation above described is not due to the occurrence of a fall of blood-pressure and the 
changed conditions of heart action dependent on that fall. 


The amount of dilatation is not always proportionate to, and does not always run parallel 
with, the fall of blood-pressure, Sometimes there is a marked lowering of the blood-pressure 
with little or no cardiac dilatation ; while, on the other hand, dilatation not infrequently begins 
before the fall of blood-pressure has commenced, and, indeed, even during the temporary rise 
of pressure which sometimes precedes a marked fall. Again, at other times dilatation occurs 


in marked degree when the fall of pressure is being recovered from, when the pressure has 
risen to some extent, and is still rising. 


Further, cardiac dilatation may, though rarely, be induced in a pronounced degree by 
the influence of chloroform without any appreciable change in the blood-pressure. 


Causation of the Cardiac Dilatation.—Many years ago it was shown that chloroform in 
considerable strength is able in certain circumstances to cause contraction of small arteries j 
this would lead to an increased resistance to the outflow of blood from the large vessels. 
Hence, the possible influence of chloroform upon the pulmonary vessels has to be considered 
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in relation to the genesis of cardiac dilatati i i icti 

the pulmonary arterioles and an tha ae ‘thor sane mane ev 
embarrass the action of the ri i i 
becoming distended,—a change that would be followed, soli Wee ane 15 
auricle. But in such a condition the left side of the heart would aa be dilated, but bs 
collapsed. Now, we have seen that the whole organ becomes dilated—the left side as well as 
the right—and consequently the above hypothesis of increased pulmonary resistance—eyen if 
there was any proof of its occurrence—is entirely inadequate, 


pressure in the pulmonary artery, 


It is clear, from what has been stated, that the occurrence of dilatation is not dependent 
on changes in the systomic blood-pressure (though usually associated with such changes), nor 
yot upon changes in the pulmonary circuit ; it is due to some influence exercised by chloroform 
either directly on the heart itself or indirectly through the cardio-inhibitory centre in the 
medulla oblongata and the vagus nerves, The influence of the cardio-inhibitory centre can 
readily be excluded by section of the yagi, I have frequently cut those nerves, and then repeated 
the administration of chloroform, with the result that the heart became dilated as before. 
Moreover, the same happens after the injection of atropine in sufficient amount to paralyse the 
inhibitory function of the vagus. Hence it is evident that the dilating influence of chloroform 
is exerted, not through the vagus nerves, but directly on the heart itself, Chloroform acts 
upon the heart ; it causes a marked depression of the cardiac muscle inyolying a reduction of 
its tone relaxation of the cardiac walls, and an impairment of their functional efficiency. 


Periodic Depression of the Ventricular Activity after Chloroform.—In some animals 
a peculiar result was observed some timo after a dose of chloroform had been given. The 
sequence of events, as shown by the graphic records, is as follows : A dose of chloroform (1 to 2 
minims) was injected into the bottle, and led to a more or less marked fall of the blood-pressure 
and a certain amount of cardiac dilatation, Theso results gradually passed away, the blood- 
pressure rose, and the heart resumed its ordinary condition. But, while the blood-pressure was 
rising and the cardiac condition improving, or even after the blood-pressure and the heart 
had recovered, there sometimes suddenly developed a remarkable change in the ventricular 
action, The force of the beats became greatly diminished, the yentricles were imperfectly 
emptied, and they became more or less markedly distended with blood. The curves inscribed 
by the ventricular beats upon the smoked surface were much reduced in height, and the base 
line or general level of the tracing was markedly eleyated for a time, This condition was 
goon more or less completely recovered from ; but it sometimes xecunras again and again in a 
yery remarkable fashion. In some instances this curious periodic affect on the yentricles was 
seon to follow the administration of very small doses of chloroform, which had only «compara 
tively slight primary effect on the blood-pressure and the heart, The Bee action ae 
affecied proportionally to the ventricular change,—indeed, it usually shows only a very slg 
and gradual reduction, 
had, in my experiments, always been 


S iodi ression of the ventricles é 
Saks pei duo to a direct influence exercised on 


: rofar is. probably 
preceded by a dose of chloroform, It is pro i 
tho heart ; it doos not seem to be affected hy section of the yagi, I haye never seen any dopres- 
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‘ Hien of this sort asa result of the administration of ether. Indeed, in more than one 


“instance when the periodic depression was strongly marked and kept reeurring again and again 


~ a doso of ether was speedily followed by a complete disappearance of the phenomenon in ques 


tion. The heart’s action improved in a remarkable way ; it became strong, steady and regular, 


Tt may be noted that the occurrence of this great depression of the cardiac action in cats 
some time after the administration of chloroform, and after partial recovery from its effects, 
has a curious parallel in the records of some cases in the human subject. 


fect of Ether compared with those of Chloroform.—The results obtained with ether 
haye been strikingly different from those following the use of chloroform The ether was 
administered in the same way as chloroform--by injection into the anesthetic bottl—but 
larger quantities were used (for example, 25 minims at a time), and the dose was 
less gradually given. Instead of being gradually introduced drop by drop into the 
bottle, it was very often thrown quickly in from the syringe. The condition of the con- 
junctival reflex was closely watched. Often the dose was given ata time when unconscious 
winking on touching the conjuctiva was distinctly marked. Then a sufficiency of ether was 
given to cause a complete abolition of the reflex. The blood-pressure unusually fell to some 
extent, but the cardiac condition was very different from that seen under chloroform, Instead 
of becoming markedly dilated as with chloroform, the heart showed, as a rule, no dilatation ; 
or there was yery slight and transient dilatation lasting only a few seconds, attaining no 
serious proportions, and speedily passing away. The occurrence of even a brief and 
fleeting phase of slight dilatation was chiefly associated with those experiments where 
ether was given in large amount with great suddenness, In very many instances 
there was not the slightest indication of cardiac dilatations. On the contrary, a change in 
the opposite direction was on seyeral occasions observed—a rapid recovery from the attacks 
of periodic ventricular depression that have been described as sometimes following doses of 
chloroform, The difference between chloroform and ether in their relation to cardiac dilatation 
is strikingly illustrated in the tracings obtained in the way I haye already described, Again 
and again in the course of a prolonged experiment the conjunctival reflex was abolished by 
the use of ether without any special effect upon the heart, whereas in the same animal chloro- 
form, administered in the same way brought about a marked dilatation of the cardiac chambers— 
when giyen gradually, mixed with abundance of air, in an amount sufficient to abolish the con- 
junctival reflex, and indeed often before that point had been reached, In some experiments 
the anzsthetics were alternately given, and the characteristic results of the two were alternately 
manifested with great constancy and precision, Chloroform (always under 4 per cent. of 
chloroform yapour in the air) was given, leading to partial or complete loss of the conjunctival 
reflex and pronounced dilatation of the heart, When these effects had passed away and the 
original condition had been restored, ether was giyen in such an amount as to abolish the con- 
junctiyal reflex ; this was usually attended by no cardiac dilatation, When the effects of 


ether had disappeared, chloroform was giyen with the same results as before ; then ether again 


with its characteristic difference of effect, and so on, 


" When ether is given with the result of causing a fall of blood-pressure, there is at 
the same time a reduction in the force of the heart’s beat, This reduction appears, as rule, 
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to be simply a result of the fall of blood-pressur é 

heart itself, It has been already stated iis a ee ee ue ae oe on the 
the peripheral resistance, for example, to relaxation of the small arteries, is atte! ee “ = 
reduction in tho energy of the cardiac beat ; the heart's force becomes dimtntihadl a ara 
not directly affecting the heart itself. But, unless the fall of pressure is extreme in ie ‘ cause. 
and prolonged in its duration—asin fatal hemorrhage, tée,,—the weakening of the aa 


systole is never so great as to render the organ functionally inefficient ; the heart is always able 
to expel its content as before and no dilatation occurs, ‘ 


This is the rule with regard to an ordinary temporary lowering of the blood-pressure— 
from relaxations of the small arteries—and it seems to be applicable to what occurs in the heart 
under the influence of ether, The vaso motor centre in the medulla is depressed hy the ether ; 
there is thus brought about a certain degree of arterial relaxation, and the blood-pressure falls, 
This lowering of the pressure leads to a reduction in the force of the heart’s beat, When ether 
does not reduce the pressure appreciably, it does not cause any weakening of the cardiae 
systole, or only the very slight and fleeting effect before mentioned ; on the other hand, when 
ether lowers the pressure markedly, it leads to a marked lessening of the cardiac systole—in 
all probability os an indirect result, the heart being secondarily influenced throngh the fall of 
blood-pressure. There is no evidence that the cardiac weakening is more extensive than is 
warranted by the fall of pressure ; if the reduction of the heart’s foree was disproportionate to 
the lowering of pressure the organ would become dilated—which it does not, In the ense of 
chloroform, on the other hand, there is clear evidence that the heart is directly affected other- 
wise than merely in a secondary way through the fall of blood-pressure, that the enfeeblement: 
of the cardiac walls is disproportionate to the fall of pressure, and that dilatation is induced in 
a yery pronounced fashion by a special effect of chloroform on the organ itself, 


It is evident that these results are subyersive of the view expressed by Claude Bernard* 
regarding the action of chloroform and cther,—a view recently endorsed by the Hyderabad 
Commission, Bernard said : “ As to ether and chloroform, their action is almost the same from 
a physiological point of view, excepting that there is a difference of intensity in fayour of 
chloroform which will lead us generally to employ the latter substance in preference to ether,” 
But the results obtained in the present research prove that the difference between the 
action of chloroform and ether is not simply a difference of intensity. There is commonly seen 
a yery striking and important difference between the relative influence of the two canwesthetics 

abolish the conjunctival reflex and induce profound anes- 
heart ; while chloroform, in causing a less deep 
aholished—may directly cause marked 


upon certain functions. Ether can 
thesia with no appreciable direct effect on the 
anmsthesia—in which the conjunctival reflex is not 
dilatation of the whole heart. 

Centre and the Heart to the depressing Injluence 
of Chloroform.—The fall of blood-pressure caused by chlorotorm is ale primarily to oe bite 
sing influence of the drug on the vaso motor centre, leading to arterial eee: oF . 
the fall is preceded by a brief and transient tise; this is dependent on a rief stimulation o: 
Anbsiques et sur TV Aspysie (1870), p. 101+ 


Relative susceptibility of the vaso motor 
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the vaso motor centre prior to the depression of its activity. It has already been stated that 
when chloroform is given in such an amount as to cause a marked fall of pressure, there com- 
monly occurs at the same time a more or less marked dilatation of the heart. In the heal thy 
animal the latter change does not, in the earlier stages of a fall of blood-pressure, appear to play 
nearly go important a part in lowering the pressure as does the depression of the vaso motor 
centre induced by the influence of the chloroform. Tho pressure is, as a rule, much moro 
readily lowered by the action of chloroform on the vaso motor centre than by its action on tho 
heart, But in the latter stages of a great fall of blood-pressure, when the anesthetic is giyen 
so as to produce a profound effect, the cardiac dilatation becomes a factor of prime importan 8) 
and it becomes impossible to raise the pressure by any means affecting the arterial system alone ; 
the pressure can only be raised by restoring, in some measure, the pumping power of the heart, 
or by the supplying of some mechanical substitute for this power, for example, by rhythmic 
compression of the ventricles with the hand. 


The relative susceptibility of the vaso motor centre and the heart to the influence of 
chloroform appears to yary considerably. Commonly the vaso motor centre becomes markedly 
depressed before cardiac dilatation is evidenced in any considerable degree. In some instances, 
however, the cardiac dilatation begins early, before the yaso motor centre has suffered any 
depression and even while it is stimulated, as sometimes occurs as a primary result of the action 
of chloroform upon this centre. 


Possibly a good deal depends on the state of the heart at the time. If the heart is 
strong and possesses a considerable reserve of power over and aboye what is necessary to expel 
its contents in ordinary circumstances, it can readily be conceived that a considerable amount of 
chloroform might be taken without causing any evidence of failure, the reserve of power 
making up for the depressing influence of the chloroform ; meanwhile, the vaso motor centro 
being acted upon by the chloroform, the blood-pressure would fall. On the other hand, if 
the heart is, to begin with, just able to perform its function, it is intelligible that a comparatively 
slight depressing influence exerted on it by chloroform would soon cause it to exhibit signs of 
dilatation. Many nervously weak hearts possibly come into this category. 


Some Effects of the Falls of Blood=pressure.—The fall of blood-pressure is, in a certain 
Sense, protective ; it retards the continued access of the anesthetic to the vital organs, I haye 
frequently been struck with the great resistance shown to the influence of both chloroform 
and ether in animals where a yery low pressure was present from arterial relaxation, due to 
causes other than anmsthetics, for example, yoso motor paralysis. In such conditions large 
doses of chloroform and ether can be giyen—mixed with the air entering the lungs—with little 
or no effect on the heart and blood-pressure. On the other hand, the fall of blood-pressure 
may become excessiye and proye a source of great danger. Fatal failure of some of the vital 
organs may be determined by the defective blood supply attendant on an insufticient pressure, 
and this in all probability more readily in certain morbid conditions than in the healthy animal. 


Modes of counteracting the Fall of Blood-pressure in the Carotid Artery caused by 
Chloroform.—When a great fall of blood-pressure has been caused by the inhalation of chilo- 
roform in the ordinary way, inversion of the animal has been found to exert a slight effect in 
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raising the pressure. But by far the most powerful means of j 
under chloroform is by applying continuous firm 
abdominal aorta directly, In this way, 


influencing the carotid pressure 
pressure over the intact abdomen or to the 


unless the heart has been directly paral: 
, ; Peeentn db 
form, a well-marked rise of blood-pressure can be brought about in the sane acon eae 


of the upper part of the body (head, neck and chest), and the circulation in that part i 
greatly improved in rate and volume, This method of causing a rise of pressure aaa a : 
form has been very frequently tested in the course of my experiments, and is striking! : illus 
trated in the tracings I haye taken, Byen when anlsronen has ee given in a ee 


sufficient to cause stoppage of the respiration and a formidable fall of blood 


é : Pear ee ~pressure, the 
immediate application of firm pressure over the f 


abdomen or compression of the abdominal aorta 


; At the moment of respiratory failure, the heart, 
though dilated, is, as a rule, capable of acting with some effect, but it soon becomes fatally 


incapacitated in consequence of the influence exerted upon the already-depressed cardiac me- 
chanism by respiratory and vascular failure ; the interference with the nutrition of the heart 
substance resulting from arrest of the breathing, or dependent on an excessive and continued 
fall of the ; blood-pressure, eyen apart from stoppage of the respiration, must necessarily 
exert a rapidly destructive influence on the activity of an already embarrassed and depressed 
organ, At the time the respiration stops, the heart is usually (though not always) able to act 
ina way sufficient to maintain a certain amount of blood-pressure, compatible with the con- 
tinuance of life, provided the vaso motor system is not paralysed, ‘The heart then being, in the 
majority of cases, still able to exercise its function to some purpose, it is easy to understand 
that a great increase in the peripheral resistance should be attended by a rise in the arterial 
pressure, the amount of the rise varying largely according to the power still possessed by tho 
heart. The application of firm pressure oyer the intact abdomen causes, in addition to an in- 
crease in the peripheral resistance of the arterial system, the propulsion of a considerable amount 
of blood from the vessels of the abdominal cayity through the vena caya inferior into the heart, 
Compression of the aorta by itself causes a great rise of pressure ; this shows that a large in= 
crease of the peripheral resistance, even apart from the forcing of more blood into the right side 
of the heart, is sufficient to cause an extensive rise of pressure, 


has, as a rule, caused a rise of pressure. 








PART III. 


Relation of the Results described above to what occurs during the Inhalation of Chloroform 
in the Intact Animal,—How far are these results applicable to the intact animal inhaling 
chloroform in the ordinary way ? It is, of course, obvious that in certain respects the conditions 
of experimentation aboye described are widely different from what obtain when an uninjured 
animal takes in chloroform by its natural respiratory moyements in the ordinary way. In 





those experiments the thorax was laid open, rendering spontaneous breathing impossible, and 
artificial respiration by pumping air into the lungs was substituted. With artificial respira- 
tion of this kind, although the amount of air and the percentage of chloroform entering the 
pulmonary air cells may be the same as in natural breathing, still there is a certain difference 
to be considered, namely, that when air is pumped into the lungs the pressure within the lungs 
is a positive pressure during the phase corresponding to inspiration (that is, when the lungs are 
inflated with air) ; whereas, during the inspiration of air in natural breathing the pressure 
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within the lungs is negative. (It is not probable that this difference is of importance, for 
there is much eyidence obtained by different workers which tends to show that the effects of 
chloroform depend upon the amount of its reaching certain parts in a given time, the exact 
mode of its introduction not making any essential difference. But direct proof on this point 
will be adduced presently.) Further, in the experiments aboye described, the pericardial sac 
was laid open, the heart was exposed, and recording apparatus was brought into connection 
with it, 

How far such abnormal conditions may invalidate the results obtained, as far as their 
application to the ordinary inhalation of chloroform is concerned, has now to be considered, 
T hold that they do not materially interfere with the applicability of the conclusions arrived at, 
Tt seems to me that there is conclusive evidence showing that the action of chloroform, in the 
respects aboye detailed, is essentially similar in the conditions under which my experiments 
have been conducted, and during ordinary inhalation in the intact animal. I shall now proceed 
to state briefly some proofs of this conclusion. 


1, With regard to the possible influence of the presence of recording apparatus upon 
the cardiac action, it is important to notice that the more considerable changes in the stato of 
the heart ean be verified by direct inspection of the exposed heart without the use of apparatus, 
though, of course, such a mode of examination is insufficient to detect the finer changes that go 
on. ‘The broad fact of the occurrence of cardiac dilatation I have often verified by simple 
inspection of the heart without the use of any recording apparatus. Hence it is plain that this 
change is not dependent on any interference with organ from the application of the recording 
apparatus ; and, indeed, there can be no doubt that when the recording apparatus is used the 
action of the heart can hardly be disturbed in any serious degree, for it continues to work 
during long periods with very remarkable regularity and efficiency. Moreover, for compara- 
tive purposes (for example, the relative effects of chloroform and ether) the influence of the 
apparatus cannot interfere, as it is constant. 


2, In regard to the opening of the pericardial sac, I shall only remark here that I have 
been able to observe distinct changes in the heart, of the nature already described, even through 
the intact pericardium. 


3, With reference to the altered respiratory conditions present when the results 
described in Part Il. were obtained, I have made a number of experiments to compare 
in the same animal the influence of a certain amount of chloroform (a) during the ordi-« 
nary inhalation of chloroform in the intact animal, and (%) when air containing chloroform 
was artificially pumped into the lungs. The method adopted was the following :—A cat, 
anesthetised with chloroform, was fastened on a Czermak’s support, and the left carotid artery 
was connected with a kymograph, so as to give a blood-pressure tracing in the ordinary way. 
The animal was then made to breathe through the anesthetic bottle, inspiring the air by its 
Spontaneous respiratory moyements. This was done by connecting the bottle (a) with an air- 
tight bag tied over the animal’s mouth or nose, or () with a canula inserted into the trachea. 
The connection between the anesthetic bottle and the bellows used for artificial respiration was 
removed. With this arrangement the animal in breathing inspired atmospheric air through 
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the anzsthetic bottle, through the same channel traversed 


aes pon by the ai ined 
when artificial respiration was used. Chloroform could roalily ee into the lungs 
hypodermic syringe) to the air as it passed through the bottle: and thus ats dine - ‘4 
ie 


anwsthetic could be administered to the animal, inhaled by its own spontaneous respirato: 
movements, ‘The effects of accurately measured amounts of chloroform (gi i aa 
upon the blood-pressure, the conjunctival reflex, and the general condition pee — 
carefully recorded, Then, aiiae an interval, when the effects had been recovered from. artificial 
respiration was substituted for the spontaneous breathing, the other conditions of the i 
ment remaining unchanged ; air was pumped through the anesthetic bottle into hater et 
instead of being inspired in the ordinary way ; an equal dose of chloroform was admini en 
and its effect watched. The influence of the anmsthetic was found to be remarkably similar to 
what was seen during spontaneous inhalation, provided the rate and depth of the artificial 
respiratory movements were made to correspond with the rate and depth of the spontaneous 
respirations. Two or three minims of chloroform induced similar effects, as evidenced by the 
blood-pressure, the conjunctival reflex, and the general condition, whether the chloroform vapour 
was taken in by the spontaneous breathing of the animal or was artificially pumped into the lungs, 
Hence it may be concluded that the intake of chloroform is substantially the same whether it 
is given by spontaneous inhalation (in which case the pressure within the lungs during the 
inspiratory movement is negative), or by artificial respiration, when the pressure within the 
lungs during the phase corresponding inspiration is positive. The abnormal conditions 
of artificial respiration do not apparently make any essential difference in regard to the effects 
of chloroform, provided the number and depth of the respiratory movements are the same, and 
the percentage of chloroform in the air taken into the lungs is identical in the two cases, 


4, The nature and extent of the fall of blood-pressure caused by chloroform is, as a rule, 
an excellent guide to the degree in which the influence of the drag has been exerted upon the 
general condition of the animal, When the fall is sudden and extensive it gives ground for 
apprehension that an overdose has been administered ; on the other hand, when the fall is 
gradual and moderate we may safely assume that the amount of chloroform in the circulation 
is not too great. Now, applying this test to the experiments described in Part IL., we find that 
dilatation of the heart is present when, the fallof pressure is no greater or more sudden than 
often occurs—without arrest of the respiration or other serious result—when an animal (with 
intact thorax) inhales chloroform in the ordinary way. For example, in an animal taking 
chloroform by natural respiration the blood-pressure—as shown by a kymograph connote 
with the left carotid artery—was reduced by chloroform from 160 millimétres $0.80 millimétres 
and again from 160 millimétres to 94 millimétres, without stopping the respiration, In the same 
animal after the thorax had been opened and the cardiac recording apparatus applied, a much 
slighter reduction of pressure by chloroform—from 112 millimétres to a6 millimétres—was 
accompanied by pronounced dilatation of the heart. Moreover, in one instance, obioxofarm 
caused distinct dilatation while the pressure remained tolerably steady at about 106 millimétres, 
Such results show clearly that cardiac dilatation may occur at a time when the amount of 
chloroform in the circulation is not excessive—when there a reason to believe that the anws- 
thetic is present in no larger amount than during ordinary inhalation. 
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5, Evidence of great importance in regard to the question under consideration js 
afforded by the state of the conjunctival reflex.* We haye seen that pronounced changes may 
occur in the heart before the conjunctival reflex is completely abolished. This shows plainly 
that the amount of chloroform in the circulation was not excessive, else the reflex would not 
have been present. We know that the conjunctival reflex is, as a rule, abolished long before 
there is any danger of respiratory paralysis. The presence of the conjunctival reflex during 
cardiac dilatation makes it plain that a comparatively small amount of chloroform—less, indeed, 
than is commonly used for deep anzesthesia—can affect the condition of the heart in a notable 
degree. There could hardly be a stronger proof. The abnormal condition of the experiment can 
scarcely interfere with the abolition of the conjunctival reflex at least not more than operative 
procedure of yarious sorts. Further, it is clear that, as a comparative test of the action of 
chloroform and ether, the presence of the conjunctival reflex is of prime importance. Any in- 
fluence exerted by abnormal conditions of experiment is present equally in both cases ; hence 
they cannot interfere with the fair comparison of the two anesthetics. 


6. Another form of experiment may be brought to bear upon the question under 
consideration. A cat is deeply chloroformed by natural inhalation in the ordinary way, by 
holding a cloth with a small quantity of chloroform near the animal’s mouth and nose. Deep 
anesthesia is brought about, the conjunctival reflex being completely abolished, while the respi- 
ration goes on regularly. Then the chest is rapidly opened and the heart examined. In some 
cases I haye caused artificial respiration—by means of a canula thrust into the trachea—to be 
performed as soon as I began to open the chest, in order to avoid any chance of error from an 
asphyxial condition being deyeloped during the short period elapsing between («) the cessation 
of the natural respiration (on account of the thoracic wall being cut through), and (b) the 
moment at which the state of the heart became visible. By this mode of experiment I have 
seen distinct evidence of cardiac dilatation caused by the inhalation of chloroform in the usual 
way, even though when it had not been carried to such an extent as to paralyse the respiration, 
and when there were no abnormal conditions to be considered. 


7. The evidence obtained from an inquiry into the mode in which chloroform proves 
dangerous giyes information of great importance. Undoubtedly, in the great majority of cases 
of chloroform collapse, the respiration stops before the heart action has become entirely 
ineffective. Indeed, in healthy animals, at the time the respiration stops and for a yariable 
period afterwards, the heart, though dilated, is, as a rule, quite able to play its part in main- 
taining a blood-pressure which, though low, is compatible with the continuance of life. 
This is, I believe, by far the most common condition in healthy animals. The heart is directly 
acted upon by chloroform, with the result of inducing a more or less extensive dilatation of 
its chambers ; but this depression does not, inthe majority of cases, assume lethal propor 
tions until the respiration has been arrested. The cardiac change is usually not sufficient by 
itself to induce a fatal result ; when death occurs, the depression of the heart is commonly 
associated with yaso motor and respiratory failure. But since the heart is directly acted on by 
chloroform, and that toa yariable extent, it would not be surprising if, in some cases at 





* The conjunctival reflex is, 


Renan panieek in cats, an excellent guide to the general conditions of the animal, though, as in the 


© are occasionally slight variations in the time at which it becomes abolished. 
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least—even in healthy animals—the cardiac chan 
degree, and should prove the determining factor 
other words, that death should sometimes be 
cessation of respiration, 


g0 should be present in a preponderating 
in vee about a dangerous collapse ; in 
mainly due to cardiac failure, precedin, 
ee Such T have actually found to be the case in at iach hase eae 
in a total of about seventy animals, where the decisive cause of collapse was the state of ae 
of the 


heart. I shall briefly state the main facts of these three cases, in which chloroform colla 
ipse 


was clearly due to cardiac failure, and where th i 
5 . u q ie natural respiratory eff i 
manifested for prolonged periods after all signs of heart er aise i ontinued to be 


Case L—A cat was render ious ‘ : Fi 
form. It was then taken ont ee pret pe * i ox with somo chloro- 
way—by chloroform on a cloth held near the ental ioe The ani 
been injured in any way, and had not been fastened asa hi nd ‘allates cea 
The heart been ceased to be felt and the pupils dilated aan oh oY eee 
went on regularly, though it soon ie ee ae + se ; Hie 
Air entered freely at each inspiratory movement, Artificial Se Ra a ei eee 

3 : . al respiration—by rhythmically 
compressing the chest—was immediately begun, while pressure was applied to the abdomen, 
The animal’s spontaneous respiratory movements continued to go on regularly, while artificial 
respiration was also carried on. After this state of things had lasted for five minutes a canula 
was put into the trachea (compression of the chest being meanwhile continued and the sponta~ 
neous respiratory movements still going on), then compression of the chest was discontinued, 
and air was pumped into the chest from the bellows used for artificial respiration, Tho 
spontaneous motions of breathing soon ceased, and a yery few minutes later (ten minutes after 
collapse had occurred) the thorax was opened and the heart viewed through the intact 
pericardium. The whole organ was seen to be greatly distended, while rhythmical moye~ 
ment of an exceedingly feeble and entirely ineffective character was still seen, The rate of 
the futile contractions was quick, The ventricles were rhythmically compressed between the 


istered in the ordinary 


thumb and forefinger at about the ordinary rate of the heart beat, and, after a period of 
fibrillar contraction, the organ recoyered its usual mode of action, the pulse was restored, 
spontaneous respiratory efforts were again manifested whenever the artificial respiration was 
intermitted, and tho whole condition of the animal continued to be most satisfactory through- 
out the course of a prolonged experiment. 


Casn I.—A cat, after being anesthetised with chloroform in a box, was fastened on a 
Qzermak’s support ; a canula was tied in the trachea, and the left carotid artery was exposed. 
When tho animal was breathing spontaneously through the tracheal tube a little more 
chloroform was given, ‘The pulse quickly disappeared from the exposed carotid, and tho 
artery became small and collapsed. ‘The respirations did not stop at all, but continued 
without interruption ; they soon assumed a slower and deeper type, and then went on steadily 
in the same fashion, Pressure on the abdomen, immediately applied, had no effect on the 
condition of the carotid artery : it remained collapsed as before. Artificial respiration, by 
rhythmical compression of the chest, was immediately begun and kept up for ten minutes, 
during which time the spontaneous respiratory movements went on as before. Artificial 
respiration, by blowing air into the lungs, was then commenced : the thorax was opened, and 
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the heart inspected. The organ was found to be greatly dilated in all its parts, while 
extremely feeble rhythmic contractions were still present, utterly incapable of discharging the 
contents of the cardiac chambers. Rhythmic compression of the ventricles was then employ: 
ed, and kept up for nearly twenty-five minutes, at the end of which the regular action of the 
heart was restored—more than thirty-five minutes after the collapse had occurred, Tho 
ordinary blood-pressure was soon regained, the respiratory centre speedily showed signs of 
activity, the conjunctival reflex was restored, and the condition of the animal kept up through 
the whole duration of a long experiment as if no collapse had occurred. 


Case I1.—Corresponded in all its details so closely with the history of Caso IT, that 
it is unnecessary to relate the sequence of events in detail. The spontaneous respiration 
continued for ten minutes after the exposed carotid artery had become collapsed and 
pulseless. Recovery was brought about in the same way as in Case II. 


The phenomena presented by all these cases were most closely observed, and recorded 
immediately afterwards. The features of the collapse showed a remarkable resemblance to 
what has often been described as occurring under the influence of chloroform in man. Care 
was taken to leaye no room for doubt as to the nature of the spontaneous respiratory movye- 
ments which went on so long (ten minutes) after the circulatory failure. They were no 
deceptive movements of the chest without proper entrance of air; each respiratory effort 
was attended by a free passage of air into the thorax. The reason why the spontaneous 
breathing movements continued long even after vigorous artificial respiration was instituted 
was, in all probability, that though abundance of air was supplied to the lungs by artificial 
respiration, the collapsed state of the circulation prevented the due conveyance of oxygen 
from the lungs to the respiratory centre in the medulla oblongata ; hence that centre went on 
sending out impulses to the respiratory muscles. 


It is evident the collapse was not dependent upon vaso motor paralysis ; firm pressure 
immediately applied to the abdomen produced no beneficial result, as it would have done had 
the heart not been rendered functionally incapable by the influence of that chloroform, 


It is extremely probable that a condition of cardiac failure occurred in some of the ex- 
periments of the Second Hyderabad Chloroform Commission. In their Report* (Section 25) 
they state that it is never in any case certain that artificial respiration will restore the natural 
respiration and blood-pressure, no matter how soon it is commenced after the respiration stops. 
And they found that in some cases, even after the spontaneous respiration had been restored, 
the pressure continued to fall and respiration again ceased ; artificial respiration then failed, 
Such results were in all probability due to the heart being greatly dilated and unable to perform 
its functions, 


Occasional Occurrence of slowing of the Heart's Action under Chloroform.—A temporary 
but marked slowing of the cardiac rhythm under chloroform I have seen in various intances. 
Such a change was first illustrated, as an effect of chloroform, by the tracings of the Chloro- 
form Committee of the British Medical Association (Glasgow Committee) in 1879. ‘As far as 


* Lancet, January 18th, 1890, 
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the evidence afforded by my experiments goes, 


the slowi ; 
commonly due to asphyxial conditions wing of the ‘heart seems to he. most 


3 the Second Hyderab: issi she 
always asphyxial. But I have seen facts which indion rabad Commission has urged that itis 


due to causes other than aphyxia, for example, 
anzsthesia is not such as to render the cardio-i 


te that cardiac slowing is in some cases 
to sensory irritation when the state of the 
nhibitory centre inexcitable by afferent stimuli, 


In any caso the cardiac slowing is not due toa dire 
heart ; it is entirely different in its n 
the organ described in this paper. 


ct influence of chloroform on the 
ature and causation from the enfeeblement and dilatation of 
The latter, it has been seen, is a result of the direct action 
of chloroform on the cardiac substance. On the other hand, the temporary slowing of the he: 
which occasionally occurs, is due to stimulation of the cardio-inhibitory centre tis ae 
as I found at an early stage of this investigation, It is abolished by section of both yagi. ot 
its characters can be imitated by direct stimulation of the yagi. ze 


Slowing of ‘the cardiac action under chloroform does not, as far as I haye seen, prove 
dangerous in itself in healthy animals, whatever it may do in conditions of derangement and 
disease, The mode of failure in the healthy animal is not by a slowing or sudden cessation of 


the cardiac rhythm, but by an enfeeblement and dilatation of the organ while the rhythmic 
(but ineffectual) contractions go on, 


Relation of the Influence of Chloroform to the Occurrence of Fibrillar Contraction in the 
Ventricles (“ Herz delirium” or Delirium Cordis).—I haye several times witnessed the super- 
vention of fibrillar contraction or delirium cordis in the ventricles of the cat's heart from the 
influence of chloroform. The normal beat was abolished, and the ventricles were thrown into 
the wildly-irregular, inco-ordinated, ineffective action characteristic of this condition, But 
such an accident never occurred in any of my experiments with anmsthetic doses of the drug, 
but only when an overdose of strong chloroform vapour was pumped into the lungs. I have 
seen no proof that such a mode of cardiac failure may result from the administration of chloro- 
form in the ordinary way in healthy animals. At the same time it is possible that the occur 
renco of fibrillar contraction may be a cause of death in some abnormal conditions where the 
ventricles become prone to assume this disastrous form of activity. The depression and dila- 
tation of the heart induced by chloroform may terminate in a fatal onset of fibrillar contraction 


or delirium cordis, 
PART IV. 


The Relation of certain Changes in the Respiration to the Byfects of Chloroform—Altera- 
tions in the rate and depth of the breathing exert a profound influence on the effects produced 
by chloroform, ‘The results following the administration of a definite Bronny of uns anesthetic 
depend largely upon the rapidity with which it is introduced into the circulation, A small 
amount of chloroform quickly taken in produces vastly more potent effects co a er 
quantity slowly absorbed over a considerable period of time, Bloat ths absolttte eae o 
the drug taken in by an animal—apart from consideration of the une) spent in its wee uction— 
proyes no guide at all as to the degree of influence produced by it upon the various systems. 
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A large ‘amount may be given in half an hour with a continuous but slight offect upon tho 
several functions, but a mere fraction of this quantity given in half a minute may bo sufi. 
cient to cause death, 


Now, variations in the effects of chloroform in any particular animal appear, in ordi. 
nary circumstances, to be effected more powerfully by changes in the. number and depth of 
the respirations than by any other factor, When chloroform is given by inhalation in tho 
usual way (upon a cloth held near the mouth and nose), an amount of the drug which may bo 
used with safety during ordinary easy breathing may speedily produce dangerous results when 
the respirations become rapid and deep. On some occasions I haye tested this matter in a 
slightly different way—by causing an animal to breathe through the anmsthetic bottle, and 
observing the influence of certain definite doses of chloroform (a) during easy breathing and (b) 
during rapid gasping respiration, the state of the blood-pressure and the general condition of 
the animal being similar in both instances. The chloroform was given by being introduced 
into the anwsthetic bottle, through which the animal’s (spontaneous) breathing was'carried on, 
The difference in the effects of a few minims of chloroform in the two cases was very striking ; 
a dose that had only a slight influence during easy breathing was productive of powerful effects 
when giyen during rapid and deep respiration, 





In experiments where artificial respiration was carried on by pumping air into tho 
lungs, I have often tested the same point. Respiration was first carried on at a moderately 
slow rate (20 to 30 per minute), and the extent or depth of the respiratory movement was 
such as to resemble easy breathing. A certain amount of chloroform was injected into the 
anesthetic bottle, and its effects on the blood-pressure, conjunctival reflex, ete., recorded, 
When the results of this administration had passed away, a change was made in the artificial 
respiration ; the movements were accelerated (to 60 per minute), and rendered more extensive; 
then chloroform in the same amount as before was introduced into the bottle, It was found 
that equal doses of the anzesthetic, administered in the two different conditions of (a) moder- 
ate respiration, and (}) exaggerated respiration, had remarkably different effects. With moder- 
ate respiration, the results of a certain dose (for example, two minims), were very slight, 
whereas the same dose during exaggerated respiration caused great depression—extensive fall 
of blood-pressure, ete. In these experiments the thorax was intact, and the animal was unin- 
jured save for the introduction of a canula into the carotid artery for the purpose of obtaining 
a blood-pressure tracing, and a canula into the trachea for artificial respiration. 


Similar results were obtained in experiments conducted with thorax laid open and 
recording apparatus applied to the heart, as described in Part II. of this Report. The minuteness 
of the doses of chloroform required to produce yery marked results in many of my experiments 
(described in Part IT.) was in close relation with the rapidity of the artificial respiration carried 
on, Such a respiration was necessary in order to ayoid the manifestation of spontaneous efforts 
at breathing. Moreover, this rate is no greater than what is very frequently seen in the 
Spontaneous breathing of the cat under chloroform. 


From the great variation in the influence of a definite amount of chloroform, according 
to the rate and depth of the respiration, it is eyident that the ensuring of free dilution of 
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chloroform with air and the restriction of the amount of 
centage do not necessarily prove a safeguard against the 
containing a sufficient percentage of chloroform vapour, 
ing easy breathing, will, during deep and rapid respiration, supply a 

‘ Spiration, s vast 
chloroform to the pulmonary capillaries, Tam not able t Lae ye 


0 state precise amounts for the yolume: 
DF eS a 7 i . 
of air taken in during easy breathing and exaggerated breathing in the case of the eat, But 


we know that in man the quantity of air taken in at each respiration during easy breathing is 
about 20 cubic inches : whereas, during a yery deep breath, about 100 cubic inches may he 


inspired. Thus five times as much air is taken in at a very deep breath as by an ordinary in- 
spiration; but, in addition to the difference between ordinary breathing and deep breathing, we 
haye to consider the results of acceleration, ‘ 


chloroform vapour to a certain per- 
speedy intake of an overdose, For air 
for safe and effective anmsthesia dur- 


In addition to a change in depth we have often a great change in rate, 


The rate m 
be doubled or trebled at the same time that the de ies 


pth is increased. Hence it is evident that 
the amount of chloroform taken in during a period (for example, 10 seconds) of deep rapid 
breathing may be at least ten or fifteen times as much as during a similar period (10 seconds) 
ofeasy breathing. And, if there isa fixed percentage of chloroform yapour in the air all the time 
it is obvious that ten or fifteen times as much chloroform will be admitted into the lungs in the 
one period as in the other. Now, it will readily be understood that—especially if chloroform 
is already present and exerting its influence to some extent in the circulation—an oyerdose 
may be very speedily given in this way, and evidences of dangerous collapse may present 
themselves with striking suddenness, 

The chloroform taken in will, of course, tend to lower the blood-pressure, and so tend to 
retard the access of the drug to the vital organs ; but, as we haye seen the heart often shows 
signs of dilatation before there has been sufficient time for the fall of blood-pressure to be 
brought about; hence in all probability in some cases an amount of chloroform suf 
ficient to cause disastrous results may be taken in before a protective fall of pressure 
can come efficiently into play. Especially when deep rapid respiration is accompanied 
by ahigh or tolerably high blood-pressure, the amount of the angsthetic rapidly taken 
in is apt to prove dangerous; and a fairly high pressure may be present for a time, 
even though a good deal of chloroform has been taken in. For example, when— 
although a considerable amount of the drag has been administered—the anesthesia is not sufi- 
ciently complete, strong sensory irritation (for example, operative interference, or the intro- 
duction of too concentrated chloroform yapour into the air passages) can induce a marked rise 
of blood-pressure. The blood-pressure rises under the influence of RONAOTY irritation, even 
though there is in the circulation an amount of chloroform sufficient to maintain a pronounced 
lowering of pressure in the absence of sensory stimulation. 

Further disturbances of the breathing and the occurrence of deep rapid-inspirations 
are apt to be excited by sensory excitation during imperfect anzsthesia, when the influence of 
the chloroform is not sufficiently great to prevent the respiratory centre being reflesly affected 
in this way. In this condition then there may be suddenly deyeloped the conditions that are 
most favourable to the rapid intake of an overdose of chloroform, namely, quick gaspmg respi- 
ration, accompanied by a high blood-pressure. 
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At times sudden exaggeration of the respiration and a rise of blood-pressure may result 
from a temporary obstruction of the breathing. And in some instances it is possible that exage 
gerated respiration may be due to a directly stimulating effect of chloroform on the respiratory 
centre, but in this case it would probably not be so sudden in its development, 


Influence of certain Changes in the Action of the Heart and in the Blood-pressure upon 

the Hfects of Chloroform Inhalation,—I have seen no grounds for believing that changes in tho 
action of the heart alone (for example, changes in rate) can influence the results of chloroform 
administration, except in so far as such changes affect the blood-pressure. A great increase in 
the rapidity of the heart’s action may be attended by little or no rise in the blood-pressure, 
I have frequently seen a great and sudden acceleration of the heart without any important 
change of pressure ; and, conversely, a marked slowing of the cardiac rhythm may be accom~ 
panied by no fall of pressure, It is really the alteration brought about in the blood-pressure 
that is directly productive of marked effects in regard to the influence of chloroform, Changes 
in blood-pressure do undoubtedly modify in every important degree the results of chloroform 
or ether inhalation, The great resistance towards both chloroform and ether during certain 
conditions of low arterial tension (for example, from yagus stimulation or section of splanchnies) 
has been already referred to, and is quite in accordance with the observations of the 
Hyderabad Commission on the same point. An amount of chloroform which may be given 
during a state of low arterial tension (depending on causes other than the anesthetic) without 
marked effect may lead to grave results if the pressure be suddenly raised by artificial means, 
for example, by compression of the abdominal aorta, The dose of chloroform then reaching 
the vital organs is largely increased on account of the great augmentation of the blood stream 
in the head and upper part of the body. In this way a sudden change of pressure may be 
productive of dangerous effects, 





During a condition of low arterial pressure the occurrence of an asphyxial condition may 
cause a great rise in the pressure, and thus lead to considerable variations in the amount of 
chloroform reaching the yital tissues, especially if the elevation of pressure be followed by the 
occurrence of exaggerated respiratory efforts, as may readily happen on the remoyal of a 
mechanical obstruction to breathing, 


When a low arterial tension is dependent on the depressing influence of chloroform 
there is little or no chance of any important rise of pressure being brought about by irritation 


of sensory neryes ; the angsthetic prevents the occurrence of such a yascular constriction from 
sensory excitation, 


j But during imperfect anesthesia a moderate pressure may suddenly be converted into a 
high pressure by strong irritation of sensory neryes, causing stimulation of the vaso motor 
centre and increased vascular tone. When such an eleyated pressure is combined with violent 


respiratory efforts, there is danger of an oyerdose of chloroform being taken in unless great 
care be exercised, 


The danger involved in the abrupt change from a low pressure to a high pressure is due 
to the fact that when the pressure is low chloroform may be given in comparatively large 
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amount without producing any striking effect ; the chloroform may be pushed, and then wh 

the pressure suddenly rises dangerons effects may speedily ensue if the aateintateations if fia 
anesthetic is continued in the same way (in the same stren are 
state of low pressure ; the amount of chloroform reaching 
augmented with a high pressure, i 


gth) as was employed during the 
the vital organs becomes much 


; It is evident, then, that a low blood-pressure must last for 
some time, so as to lead to a more abundant administration of chloroform: 
) 


before any danger can, 
with reasonable care, he caused by a change to a higher pressure i 


a0 : ! Hence the occurrence of a 
very brief and transient phase of low pressure (such as may be cansed by a short inhibition of 
the heart), followed by a speedy rise to the normal height, does not introduce any special 
danger in the use of chloroform ; for the period of low pressure does not last long enough to 


induce the administrator to give chloroform more abundantly, and thus there is no danger in 
the subsequent rise, 





Apart from the influence of asphyxial conditions, a change from a very low pressure to 
a high pressure is very rare under chloroform. Such a change can, of course, be easily 
brought intentionally (for example, by stimulation of the vagus, compression of the yena caya 
inferior, efc.), and it may possibly occur in certain peculiar circumstances of operative proce- 
dure, but its occurrence in such a degree as to constitute a serious danger in chloroform 
administration is probably rare, 


On the other hand, it has been already stated that during imperfect anesthesia a 
sudden change from a moderate to a high pressure (caused by sensory irritation) may co-operate 
with exaggerated respiration in leading to the intake of a dangerous overdose, 


Indications of Danger during Chloroform Administration derivable from the Respiration 
and from the Blood-pressure,—The relative importance of observation of the respiration and 
the blood-pressure with regard to the warnings of danger derivable from them was studied in 





many experiments in the following manner: A cat, rendered unconscious with chloroform in 
the usual way, was fastened on a Ozermak’s holder ; a blood-pressure tracing was taken (by 
means of a Ludwig’s kymograph) from the carotid artery, and a tracing of the xeemEn ON by a 
tambour kept in contact with the animal’s chest and communicating with a recording tambour 
which inscribed its movement on the recording surface simultaneously with the blood-pressure 
as then given on a cloth held near the animal’s mouth and n08e, 
pushed, The course of the blood-pressure and the respira- 
ings ; it was found that indications af Syst 
danger were given most commonly by the respiration, but this was by no means ¢nvariably the 
case, In several instances warning was given. first by the blood-pressure, A sudden and 
ed at varying periods—fifteen, twenty-five, thirty seconds, and 
even longer—before there was anything in the state of the respiration ke cause a be 
eyen then the respiration did not stop, but became slowed and a per aS 
character. Sometimes a slight change either in rate or force is seen in the peas ee : 2 
along with, or very soon after, the fall of pressure, but such a change would no’ ve en 

7 a te recording apparatus 3 and even when visible to 
apparent to the eye without the use of aceura zg pene 
the eye, the respiratory changes accompanying & dangerous Obsp) 


AL 


tracing. More chloroform w 
and after a time the anesthetic was 
tion was accurately registered by their trac 


precipitous fall of pressure oceurr 
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not more marked or notable than alterations in the respiration occurring at earlier Thadeaees 
chloroform administration and attended by no serious consequences, though the giving of the 
anesthetic was not suspended, or any remedial measures adopted, 


The sudden and precipitous fall of blood-pressure above referred to as giving warnin a 
of an overdose was, I have no doubt, attended by amarked change in the pulse—such a change 
as could haye been appreciated had the pulse been felt during its occurrence, 


The period intervening between the indication of danger given by the blood-pressure 
and that afforded by the respiration in these cases is a short one, but there can be no doubt 
that in such cases the gaining of even a very short time may be of extreme importance. The 
difference of a very brief period as regards the moment when the further administration of 
chloroform is stopped, and remedial measures adopted, may turn the scale in favour of recovery 
or death. 


PART V. 


General Conclusions. 


1, During chloroform anesthesia the blood-pressure is lowered and the heart’s action 
is weakened. 


2. Dilatation of the heart occurs to an appreciable extent, even when chloroform is 
administered gently, mixed with abundance of air (under 4 per cent. of chloroform yapour in 


the air). 
8. Dilatation may occur eyen before the conjunctival re‘ex is abolished. 


4. ‘The dilatation affects all parts of the heart more or less—the left side as well as the 
right, It is not due to changes in the pulmonary circuit. 


5. The dilatation is not due to the accompanying fall of pressure, to the diminished 
resistance to the ventricular systole, or to the diminished blood-supply through the coronary 
arteries, Dilatation does not result from a similar fall of pressure brought about by means 
other than chloroform, for example, arterial relaxation caused by section of vaso motor nerves. 
Dilatation under chloroform often oceurs very quickly, before there is any fall of pressure, 
Moreoyer, when the dilatation has followed a fall of pressure it is not removed by artificially 
raising the pressure, for example, by compression of the abdominal aorta. 


6. There is no distinct change in the rate of the heart’s action when dilatation occurs. 
A sudden and complete cessation of the cardiac rhythm is never caused by the inhalation of 
chloroform, Cardiac failure occurs by a more or less sudden enfeeblement and dilatation of 
the organ ; not by a sudden complete cessation of rhythm, 


7, The tone of the heart muscle is depressed, the cardiac walls become relaxed, and 
the functional efficiency of the organ is impaired. 
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8. When the heart becomes 
up the circulation, while its rhythmic 
inefficient. 


greatly dilated it fails to be an effective force in keeping 
movement still continues—though so feebly as to be 


eee sean é 
9. Cardiac failure sometimes occurs in this wa: 


Y a considerable time b i 
tion stops, though generally the respiration stops before the heart has ae Teor 


10, The failure of artificial respiration to bring ahout recovery (in some cases of 
chloroform collapse), when begun immediately after the Spontaneous respiration has ceased, 
is in all probability due mainly to the enfeebled and distended state of the heart, which has 


become unable to maintain the circulation. Hence the supply of fresh air (by artificial 
respiration), free from chloroform, cannot be taken advantage of, 


* 11. The depressing influence of chloroform on the heart—leading to dilatation of its 
cayities—is not exerted through the vagus nerves, butis a direct effect of the drug upon the 


cardiac mechanism. Section of both yagi does not obyiate the weakening and dilatin, 
influence of chloroform upon the heart. : 


12. The weakening and dilating effects of chloroform are sometimes manifested in toler 


ably equal degree on both auricles and yentricles ; but sometimes more readily upon the auricles, 
and at other times upon the ventricles, 


13. A peculiar periodic depression of the ventricular action sometimes occurs during 
recoyery from the primary effects of chloroform. 


14, ‘The contrast between the relation to the heart’s action of chloroform and ether in 
anasthetic doses is very marked, With chloroform, cardiac dilatation frequently occurs—and 
often, indeed, a very marked dilatation—before the conjunctival reflex is abolished. With 
ether, the induction of anesthesia with complete abolition of the conjunctival reflex has not 
been attended by any noteworthy dilatation ; indeed effects of a stimulating character have 
sometimes been observed, and the peculiar periodic yentricular depression sometimes following 
chloroform has been seen to be removed. 


15. Under the influence of chloroform a temporary slowing of the heart’s action 
sometimes occurs—from asphyxial conditions or from sensory stimulation during imperfect 
anesthesia. This slowing is quite different in its nature and causation from the enfeebling and 
dilating effect already mentioned. ‘The slowing is not due to direct influence of chloroform on 
the heart, but is indirectly brought about through the yagus nerves. It does not appear to be 
dangerous in the healthy animal. 


16, ‘The occurrence of fibrillar contraction (delirium cordis) does not appear to bea 


primary mode of cardiac failure from the inhalation of chloroform in the healthy animal, 


though it may sometimes supervene when the heart has become distended and incapacitated by 


chloroform. 
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: 17, Tho fall of blood-pressure under chloroform is in its earlier stages due mainly to 
the depressing effect of the anesthetic on the yaso motor centre, preceded often by a slight 
stimulation ; tho later stages are associated with failure of the heart as well as of the vaso mo- 


tor centre. 


18. Tho relative occurrence of cardiac dilatation and vaso motor depression varies, 
Sometimes the heart begins to dilate early—before there is any fall of pressure ; at other times 
a large fall of pressure may occur before cardiac dilatation becomes marked. 


19. The lowering of the blood-pressure is in a certain sense protective ; it retards the 
access of more chloroform to the vital organs. But, on the other hand, the fall of pressure may 
become excessive and produce dangerous effects. 


20. In certain circumstances, when chloroform is very suddenly taken in, a dangerous 
dose may be absorbed, and the heart may become seriously affected before the yaso motor 
centre has had time to be much depressed. 


21, When a fall of carotid pressure has been brought about by the gradual inhalation 
of chloroform in the ordinary way, firm pressure applied to the abdomen causes a marked rise 
of pressure—very much more than can be obtained by inversion of the animal, And eyen 
when the fall of pressure is due to the sudden inhalation of an excess of chloroform, pressure 
on the abdomen commonly, but not in all cases, leads to a decided rise in the carotid pressure, 
The existence of cardiac failure may preyent the possibility of such a change. 


22. Changes in the respiration exert a most important influence upon the effects of 
chloroform administration. An amount of chloroform which can be given with safety during 
easy breathing may speedily become dangerous during deep, rapid respiration. 


23. Free dilution of chloroform with air—the restriction of the percentage of 
chloroform yapour to 4 or 44 per cent.—gives no security against an overdose. A percentage 
that gives safe anesthesia during ordinary breathing may lead to fatal collapse if given during 
exaggerated respiration. 


24, Changes in respiration may be excited by sensory stimulation (operative interfer- 
ence, too strong chloroform vapour, etc.,) during imperfect anesthesia. Rapid, gasping 
respiration occurring in such circumstances is usually accompanied by a rise in the blood 
pressure, and, as there may be already a considerable amount of chloroform in the circulation, 
there occurs a combination of circumstances specially favourable for the speedy and sudden 
development of dangerous collapse. 


Note-—I hope soon to publish tracings illustrative of some of the experimental facts 
described in this report. : 
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ARTICLE, REPRINTED FROM THE MEDICAL CHRONICLE 
OF APRIL 1890, 


By ALEXANDER WILSON, u.z.os,, 
Administrator of Anmsthetics, Royal Infirmary, Manchester 


Tue opinion that, in a certain number of 

7 a cases, death from chloroform is d i 
paralysis, was first enunciated by Dr. Sibson (London Medical Gazette, rane kets: 
and it is important to note that this conclusion was originally aieivoil at, ns fro: ; " o 
logical experiment, but from a consideration of the first fatal cases in man : Sean 


There appears to have always been some contradiction between the results obtained b: 
experiment on animals and those obtained by clinical experience on human subjects. Thus, z 
early as 1848, Mr. Thomas Wakley proved, by a series of experiments on animals, that in deaths 
from chloroform the heart continued to beat after cessation of the respiration, ae results being 
confirmed by a Commission held in Paris in 1855 (Z’Union Medicale, No, 13, 1855), 


Notwithstanding these experiments, the reported fatal cases from chloroform inhalation 
appeared to indicate that in man, at least, the failure of the heart preceded the cessation of 
respiration. The grounds for this belief are that the fatal result is usually sudden, the patient 
in the midst of violent struggles, after a deep inspiration, becoming at once practically lifeless, 
the pulse stopping before the respirations, and occasionally becoming distinctly and gradually 
feebler before cessation of the respirations, But, no doubt, the main reasons for the belief 
were the suddenness of the result, the cessation of the pulse, and the non-success of artificial 
respiration to restore the patient. 


Dr, Snow was the first to reconcile the difference between the results of experiment and 
of clinical practice, by showing that death might happen in one of several ways, according to 
the amount of chloroform absorbed— 


(a) Chloroform inhaled gradually, until death resulted, killed by gradual paralysis of 
respiration, tho heart continuing to beat after cessation of the respiration, 


(2) But when a large dose of the drug was suddenly taken into the system, the heart 
ceased beating before the respiration stopped. 


(c) It was also thought that this sudden paralysis might set in hefore insensibility was 
idered to be the chief factor in the fatal result, 


produced, ‘The cardiac paralysis was consi 
because efficient artificial respiration did not resuscitate these cases. 


There was an impression that the cessation of the respiration might be entirely remedied 


by artificial respiration, but that the affection of the heart was necessarily fatal, 


Clover, writing about 1875, says of chloroform :“. + + bosides its liability to ons 
apnea, which is remediable, it may produce total arrest of the heart’s action, which is not so. 





ae ee 
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These views of the action of chloroform were confirmed by the Commission of the Medico- 
Chirurgical Society, London, in 1864, and again in 1879 by a committee of the British Medica 
Association, in their report on the action of anzestheties (British Medical Journal, 1879, Vol, I, 
pp. 1 and 921), stated that “ chloroform has sometimes an unexpected and apparently capri 
cious effect on the heart’s action, Chloroform may cause death in dogs by primarily paralysing 
either the heart or the respiration. The variations in this respect seem to depend to some 
extent on individual peculiarities of the animals (?) In most cases respiration stops before tho 
heart’s action, but there was one instance in which respiration continued when the heart had 
stopped, and only failed a considerable number of seconds after tho heart had resumed.” 


The whole work of the committee tended to prove the conclusions arrived at by Dr, 
Snow, that under certain conditions chloroform did affect the heart before the respiration, 
though failure of the respiration was the most common cause of death, 


The Hyderabad Chloroform Commission have come to a conclusion similar to that arrived 
at by Mr. Wakley in 1848, and the Commission of the Society of Emulation of Paris, in 1852, 
viz., in death from chloroform the heart continues to beat after the respiration has ceased, 
results in contradiction to the previous London Commission of 1864, and the Glasgow Com- 
mission of 1874, 


There may be several objections taken to the unreserved application of the conclusions 
of these experiments to man. 


First, there is the difference which may exist in the action of chloroform on the heart 
of man and of animals, ‘There is the possibility that the habits of life, the taking of stimulants 
and narcoties, especially the habitual use of drugs like tobaceo—for the condition of the vagus 
centre is shown to be of great importance in relation to chloroform narcosis—may have some 
effect, if not in altering the behaviour of the heart muscle or its innervation, at least in modify- 
ing that chain of events upon which depends the absorption and distribution of the chloro- 
form by the blood. Amongst other points of difference between man and the animals experi- 
mented on are the relation of the vital capacity to the size of the animal, and the interference 
with complete filling of its lungs, resulting from holding of the animal. 


It has often been shown that the suddenly fatal cases are rare in human subjects in 
which there is any impediment to the free expansion of the chest, e.g., Clover has pointed out 
that a phithisical patient is less likely to take a fatal dose of chloroform than one with 
healthy lungs, because his chloroform-absorbing capacity is diminished. Again, it has been 
noted that few patients die suddenly from chloroform, when it is inhaled lying on the side; also 
few, if any, sudden deaths are reported in case of ovarian tumours, ‘The explanation of these 
cases is that the interference with full expansion of the lungs by the position or the presence 
of the tumour prevents the lungs taking in the necessary fatal dose. 


On the other hand, the greater number of the suddenly fatal cases occur in people with 
healthy chests and large vital capacity, e.y., in reducing dislocations of the shoulder, and in 
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minor operations, such as teeth extraction, especi 7 a 
i es pecially in those i P diet 

natural upright position, can give the respiratory muscles ties the patient, being in the 

chest. play, and completely fill the 


: 3 : ing of a strugglin i 
Hench g Parrorereithe : ggling animal, such as a d 
might not so interfere with its breathing as to prevent the full dose being taken, anpscte y “is 


the animal would not be likely to be held in it i 
5 ’ e. S natural position. A aaa 

report that, in at least some cases, the holding of the as Pc ye pee a the 
. 'Y Interfere with its 

: did so in many, especial 2 . 

hoped, that to hold its fore legs together in front of it, would seattle be a dog’s thorax is so 

sion of its chest, and so prevent it suddenly taking a fair dose of chloroform peas 

vapour, 


respiration, If it did so in one case it probably 


In animals, too, we have an absence of the desire to inhale freely, 


reported case the wish to inhale the chloroform freely contributed largely to the Tn at least one 


fatal result, 
In chloroform accidents in man, of the very sudden variety 
ys 


4 3 considered. 
cardiac syncope, a certain set of conditions are present which are diffic pales 


ult to obtain in animals, 


The subject is generally young or middle aged, with an expansile chest ; the chlorofe 
is willingly inhaled, quietly at first, until semi-unconsciousness is produced, allen the re aa 
glottis are insensitive ; then, during struggling, with or withont holding the breath, the Si 
often in an upright or semi-upright position, and having his arms fixed by the sacinerts BORE 
= ” 


; gets one or two deep inspirations at the greatest 
adyantage, and so obtains the maximum amount of chloroform, 


gives his respiratory muscles good purchase, 


There is the desire to get under the influence of the drug the voluntary inhalation fol- 
lowed by the still steady conscious anxiety to inhale more, and then the involuntary deep in- 
spiration, in the natural position in which a deep inspiration can be best taken, 


All these are conditions difficult to obtain in experiments on animals, and it is only 
under such conditions that the supposed cardiac paralysis has been produced in man. 


The interval between the stoppage of the heart and the respiration is so short that these 
points, trivial though they seem, may easily be of importance in modifying the result, 


Tt has always been maintained by the advocates of the syncope theory that it is only under 
certain circumstances, and by a certain definite combination of factors, that chloroform sufficient 
in quantity to paralyse the heart can be introduced into the blood, and that this particular 
combination of cireumstances occurs very seldom—about once in every 1,000 or 2,000 admin- 
istrations. 


Thus as Dr, Snow pointed out years ago, the effect of chloroform on any given case 
yaries with the amount contained in the blood at any given time. 


This depends upon the strength of chloroform yapour exhibited to the patient, the ease 
with which it is inspired through the glottis, and the depth and frequency of the inspirations ; 
the amount actually absorbed depends upon the condition of the blood (its capacity for chloro- 
form may yary), the time it stays in the lungs, the rapidity of the circulation, and other factors, 
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The idea was that by certain combination of these several factors, the maximum quantity 
of chloroform was absorbed by the blood in the lungs and hurried to tho heart, the next organ 
in the order of the circulation, not merely distending its cavities with chloroform-saturate ‘ 
blood, but also being distributed by the coronary arteries hi every part of its substance, and so 
setts paralysis. This result is also assisted by the condition of distension of the heart and 
the yenous condition of the blood. 


That the arrangement of these various factors—respiration, pulse, et0.j—has an im- 

tant bearing in the action of the drug on the heart, is well shown hy these experiments of 
por eS, These showed that by varying the methods of administration in different ex- 
aa oa — pais to make the heart cease beating at intervals of from one to twelye 
ae oe eat of the respiration. It is not impossible that by further variations 
ee ane have been reduced until the stoppage was simultaneous with, or even preceded 
the cessation of respiration, and the experiments would haye been thus made to accord with 


certain reported fatal cases in man. 


The cases in which the heart ceased soonest after the respiration were cases complicated 
with asphyxia, that is, cases in which semi-asphyxia was produced, vag bag by 
deep inspiration ; under these circumstances the Reaty conser beating one aa 3 ? : _ : ee * 
piration stopped. Now it is under conditions similar to these in man, that eRe 3 a 
syncope occurs, and it is by working on these lines that sages to produce A animal ‘ e 
be made ; but it appears that the Commission only made some four of these experiments hardly 
a sufficient number upon which to base an important statement. 


In ordinary practice, the several conditions giving a fatal result from cardiac syonehe 
are combined about once in eyery two or three thousand administrations. Boonies the Com: 
mission did not obtain it in some 600 attempts they conclude that it cannot emai 1 
scarcely reasonable, especially as the bulk of their work was not upon the lines which promised 
the nearest result, viz., those of deep inspiration after semi-asphyxia, 


The manner or means by which the movement of the heart was tested are of borne i, 
ment, as explaining the discrepancy between the results of experiment and peace: 0 
the cases were tested by a needle introduced into the heart, or by opening the chest. MW Cr) 
methods will indicate the merest quiver of the heart muscle,—moyements that would give ‘ 
indication of their presence to ordinary observation, and movements that would probably be a 
no functional use, 7.¢., in no sense contractions. It has been noticed by other observers, tha 
the hearts of animals killed by chloroform show fibrillary irritability, after the heart muscle, f 
4 whole, is incapable of contraction,—a condition similar to this would indicate movemen 
tested by the aboye, but such movement would be fallacious. 


It would be interesting to know the degree of action exhibited by the heart after a 
tion of the respiration, Was the power of propelling blood retained ? If the action hae 
only of muscular tremors it would be of little value, and hardly what is understood by a¢ 
of the heart. 
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The following case may be h 
; : ere quoted asa good « ngs 
accidents, upon which is based the theory of the asitbh of neta : ‘ oe 
© heart : 
The patient was a strong, 


healthy labourer, who » 
adhesions were broken dow had 


mired an anmathotic, whi 
. . ee ile 
n in his knee-joints ; : ie 


he he 4 

months previously, The case is reported by the su thc oe a te 
tration of the anzsthetic, Chloroform was administered by a towel (Bri } ct . ae 
1884, Vol. IL, p. 811.) + (British Medical. Journal, 

“The patient showed not the least sign 
haling by several rapid shallow breaths, as if d 
the anesthetic, Following immediately upo 
inspirations, I" 


n of nervousness , . , and commenced ins 


ares to get quickly under the influence of 
n the shallow moy 

ecling that this method must have colailed » kegs oat ete a 
chloroform, I directed the house surgeon to remove the cloth, when the patient, fhe iret 
breathing, was seen to have his eyes wide open, the pupils rapidly dilating, and the canal 
insensible. The face was neither livid nor pale ; the lips, indeed, were ‘of their normal pink 
hue, and the cheeks slightly flushed, In fact, beyond the condition of the eyes, there ae 
nothing in the facial aspect to excite alarm. Up to this point, the time of the inhalneon could 
not haye exceeded one to two minutes, On fecling the right radial no pulse could be detected, 
The head was lowered, respiration then ceased ; not, however, until three or four breaths had 
been drawn after the recognised cessation of the pulse, After the commencement of artificial 


respiration, the patient spontaneously made several gasps, but there were no futher signs of 
vitality.” 


This case is valuable because it is reported, not by the administrator of the anwsthetic, 
but by one who was merely watching the case, and who had ample time accurately to note the 
events which occurred ; and the absence of struggling, so common in suddenly fatal cases, 
made the observation of the symptoms easy. 


Taken in conjunction with the numerous reported cases in which the patient passes 
suddenly from a condition of active struggling to a state of collapse, with gasping respiration 
and absence of pulse, it proves that chloroform, if it does not actually paralyse the heart, may 
cause death by some means equally sudden and certain ; and that in such cases, the heart is 
practically stopped, as far as its functional value is concerned, before the respiration, The case 
indicates also that observation of the respiration alone will not give adequate warning of 
danger, for the respiratory movements may be perfect one second, and the next be on the verge 
of extinction, and hopelessly beyond recovery. It also shows that fatal damage may have been 
wrought on the system before there is any outward sign. 


This case is also noteworthy as contradicting the statements made by the first Hydera- 
bad Chloroform Commission tliat since 1856, no death from chloroform has occurred in which 
the respiration, and the respiration alone, was attended to throughout the administration. 


The patient was breathing perfectly, and there was no sign of respiratory fatlure when 


the administration was suspended, so that was the respiration alone observed it would only 
42 
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have signalled any danger some soeonds later. ‘There ean be little doubt but that the pulse in 

such a case, where the patient was quiet and breathing tranquilly, would haye exhibited some 
’ 

decided alteration had it been observed. 


In the second portion of the report it is shown that the -seential action of chloroform on 
tho system is to causo a fall in the mean blood-pressure, i This fall is proportionate to the amount 
of chloroform inhaled and absorbed into the system. [It would have been interesting to haye 
known tho relation, if any, the condition of the blood-pressure bore to the state of anesthesia, ] 


This fall in blood-pressure bears somo relation to the respiration, but what this relation 
is, is not distinctly stated, and the cause of the fall in prossure 1s also not clearly fede except 
(Seo. 19) that it is not duo to the direct action of chloroform on the heart, and must 8 due to 
paralysis of the vaso motor centre. This is important when taken in conjunction with the fol- 
lenine parts of the report (Sec. 3) : A If the chloroform is pushed further, there 
comes a point not easy to define when the blood-pressure and’ respiration will es be 
restored spontaneously, although the heart continues to beat after the inhalation has stopped. 
And also (See. 25): . . It is never in any case certain that artificial respiration will 
restore the natural respiration and blood-pressure, no matter how soon it ws commenced after the 
respiration stops.” 


This exposes a comparatively new and insidious danger in chloroform adenine tae 
one as difficult to treat as the old cardiac syncope. It is quite conceivable that under certain 
circumstances the dose necessary irretrievably to damage the vaso motor centre may be inhaled 
with extreme rapidity, and that while the respiration and pulse are still present, the centre may 
he almost paralysed before much warning has been given. 


From a record of fatal cases in man, it appears possible that this paralysis may, in certain 
conditions, be effected almost instantaneously, and before complete insensibility has been 


produced. 


In Section 20 injection of chloroform into the jugular vein caused no paralysis of the lena 
It should be noted that this is not.the most direct channel by which the heart can be reached f 
and the experiment, when compared with inhalation, is open to criticism. Chloroform ei 
jected into the jugular vein passes with the venous blood to the right auricle, wilere it is — 
with tho blood of the inferior vena cava from the liver ; from the right side of the heart i 
passes to the lungs, where the chloroform, being yolatile, and the air in the alyeoli of the Be 
free from chloroform, a good deal may be lost ; finally, what remains of it reaches the heart. 





Chloroform given by inhalation is much more likely to reach the heart dirocily, ley 
doses passing into the air cells; about one-fifth of the whole blood of the body is at a 
exposed to it. his blood, saturated with chloroform and unmixed with any nosh a 
blood, goes direct into the left auricle and ventricle, and by the coronary aries ae dis ses : 
buted into the very substance of the heart itself. As Dr, Snow puts it: “ In ee ih 
heart is always a little in advance of the rest of the body as regards the amount of chloroform 
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yapour to which it is subjected,” Chloroform thus given by inhalation may hav 
) ‘© 4 moro 


Bompared; © results of the two methods cannot wall be 


In Section 12 the effect described as that of asphyxia on tho blood-pressure 
, 


rapid fall of blood-pressure and slowin i ‘ Fe 
; f & of the heart beat, is « i i 
Phos wee ahaa ent, contrary to tho received ideas on 


Landois and Stirling, 1888 edition, pe 198) Daring 
m a systemic artery, eg., tho carotid, rises yory 

tst and second stages ; the pulso beats aro at first 

and more vigorous, ‘The rise ix i i i 

} ig if se In pressure is duo to stimulation 

of the general vaso motor centre by the venous blood, 


t ¢ and the slow beating of the heart to the 
action of the venous blood, on the cardio inhibitory centro in the medulla,” 


asphyxia, “ the blood-pressure measured 
rapidly, and toa great extent during the fi 
quicker, but soon become slower 


The attempts to produce shock during the inh 
failed, In experimenting on animals there are sovera 
it is doubtful if animals suffer as much from shock as 
and the depressing effect of the anticipation of the ope 


lation of chloroform (§ 88) uniformly 
ul sources of error, In the first instance, 


man, there is an absence of mental terror 
ration, &e, 


Jé is well known that the extraction of a sing! 


le tooth in a stato of semi-anmsthesia may 
produce a considerable amount of shock 


and a painful mental impression that lasts for weeks, — 
m amount of shock far greater than would have been felt had no anwsthetic been exhibited, 


The lowering of the blood-pressure in the case of a fatty heart (§ 39) cannot be altogethor 
an advantage in chloroform administration, It must, by the efforts the heart makes to keep up 


the pressure, increase the work of the heart, and at the same time diminish the blood supply to 
the heart itself. 


It is important to note that in all these experiments there are double and treble reactions, 
which, though they have a beneficial effect in diminishing the amount of chloroform absorbed, 
are in themselves elements of danger. 


Thus, semi-asphyxia and inhibition of the heart are elements of safety by preventing 
the “intake ” and distribution of chloroform, but the ultimate result of this is to cause rapid 
breathing and quick pulse, which, by the extra “intake * of chloroform and tho quick distri- 
bution of that already inhaled, is an element of danger. 


This change from a slow to a rapid pulse may be attended with very nearly fatal results, 
as is shown in Section 34, where an animal was nearly killed by a shorb inhalation, from the 
inhibition of the vagus having been stopped, and a more rapid pulse consequently resulting. 
This fall in pressure is in itself, in feebly nourished subjects, a souree of danger, causing syn- 
cope from cerebral anemia, 


There is a peculiar animus against the feeling of the pulso displayed by Stngeone Mia 
Lawrie in the first Report, and not entirely absent in the second. He goes so far as te aint, 
“that since the year 1855, in Great Britain, there is no death from chloroform recorded in which 
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a — ik was proved that the respiration alone was attended to throughout the inhalation.” This is 


suroly a mistako ; there are several fatal cases where the respiration only was attended to, ono 
of which is quoted here, and there are many more in which respiration was attended to as fully 


as possible, 


"Then reference is made to the teaching of what are termed antagonistic schools : Syme 
taught—* We are guided as to the effect of the chloroform not by the circulation, but entirely 
Brichsen teaches : “ When fully anwsthetised the patient requires the 


hy the respiration.” : © Ps 
the person who administers the chloroform ; his finger should neyer 


most careful watching by : hia 
bo off the pulse, nor his eye taken away from the countenance of the patient.’ 


Surgeon Lawrie considers these opinions “absolutely irreconcilable”. They are 
nothing of the kind. Brichsen’s directions are only a little fuller and more complete than 
5 


Syme’s, and not incompatible with his. 


T do not know the wording of the earlier editions of Erichsen, but in recent ones 
(edition of 1884, Vol. L., p. 24), in addition to the words quoted, it is stated, “Tho breathing 
must be carefully observed.” It is unlikely that it is not mentioned in some part of tho 
earlier editions, especially as Dr. Snow, with whose works Mr. Erichsen would no doubt be 
familiar when writing the above, constantly emphasises the necessity for observing the state of 
the respiration and in reference to this point says :—“ The importance of attending to the res- 
piration of the patient has previously been noticed, and it is so obyious a symptom that it oan 
hardly be disregarded if any one is watching the patient ; it speaks, moreover, almost to one’s 
instincts, as well as to one’s medical knowledge.” (“Snow on Anwsthetics,” p. 258, 1888). 


Apart from any action which chloroform may haye on the heart itself, the experiments 
made supply abundant reason for a careful observance of the pulse during the administration 
of the drug, and it is surprising that this point has not been referred to in the Practical Con~ 
clusions, Its omission looks suspiciously like the result of prejudice against it. 


In the report it is shown that the amount of chloroform inhaled (the “ intake ”) depends 
upon the respiration, but that the effect of this “intake,” the way in which it is utilised, lies 
with the circulation, with the force and rapidity of the pulse or the reverse. 


Tt isshown that, with a slow pulse, concentrated chloroform yapour can be exhibited with 
impunity, but with a full, hounding pulse dilute chloroform vapour may be dangerous. These 
variations occur in practice, from the quick full pulse of a patient with a high temperature to 
the slow pulse of a patient with jaundice. 


There haye been fatal cases in man distinctly due to a non-consideration of these points. 
[Case reported in British Medical Journal, 1887, Vol. IL, p. 951, where ether was given first, 
and then a small dose of chloroform proved fatal.) This is again illustrated in Dxperiment 177, 
Section 34, where sudden quickening of the pulse, from cessation of vagus inhibition, suddenly 
placed the animal in a condition of “ extreme and unexpected jeopardy”. Yet from some en 
son, though stress is laid upon these points in the Report, they are omitted from the Practical 
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Conclusions. This is the more stran i 
i ge, as tho Commission certai i 5 
apparatus iB) first influenced by the chloroform, and it is by eae ‘| ae oe ite quiulateny 
caused. Why, then, disregard it in administering the drug ? Baits 
As attention to the pulse is so e 
a proper knowledge of the state of the « 
intelligent administration of an anzstheti 


nsily, managed without neglect of the respiration, and 
iroulation has been proved to be most essential to the 
c, it is advisable that the pulse should always be ob- 


» and, in conjunction with the respiration. ; 
Feat Reena piration, is a yaluable hel; 
quite apar from any information it gives of the general condition of the mae 


served; it can, at least, do no harm 


The assistant in cha . ct 
harge of the anmsthetic must endeavour to be more than a mere doler 


out of innocuous doses of chloroform ; he should keep himself in touch with the whole condi 
midi- 


tion of the patient all through the operation,” 
) ation,” To endeavour to narrow his 
ing of the respiration is mistaken policy. vork oe 


In reference to the question of cardiac rersus respiratory paralysis, the following remarks 
appeared in the Lancet for September 21, 1889, 

A In the Scotch capital, failure of respiration is regarded as the chief or only danger ; 
while, in the metropolis, failure of the heart is more feared. It is quite possible that the sur- 
geons in both cities are right, and that the habits or mode of living of the people may lead to 
differences in resisting power of tho cardiac or respiratory apparatus respectively, ‘The propor- 
tion of gouty patients is much larger in London than in Edinburgh, and when we consider 
that the natives of India appear to resemble the Scotch in their comparative immunity from 
cardiac paralysis by chloroform,” As most cases of death from chloroform are put 
down as due to cardiac paralysis, and this is said to be rare in Scotland, the impression is con- 
veyed that fatal cases of chloroform narcosis are unknown or rare in that country, and there is 





certainly an idea abroad to this effect. It is not necessary to resort to comparison of the 
habits of the people to explain their immunity from fatal results. 


In Scotland fewer people die from chloroform, simply because fewer people inhale it. 
A. population of 3,991,499 must necessarily give fewer chances for the administration of chloro- 
form than one of 28,247,151 and consequently fewer possibility of futal cases. Another point is, 
that such cases as do occur are not always, from the absence of coroners’ inquests, brought to 
light a large number, if not the majority of the fatal chloroform eases in England, owing their 
publicity to the newspaper reports of the coroners’ inquests. 


But deaths from chloroform do occur in Scotland and eyen in Edinburgh, A casual 
search in the medical journals gives the following figures + Edinburgh Royal Infirmary (1878 
to 1880), three deaths ; Western (Sir George Macleod’s Hospital) Tnfirmary, Glasgow (1883 
to 1885), three deaths ; Royal Infirmary, Glasgow (1883 to 1885), two deaths 3 other parts of 
Scotland (1881 to 1883), six deaths. England, 110 deaths ; Scotland, 14 in same period. 
England, population 28,247,151; Scotland 3,991,499, 





[* Vide Note by the Commission at the end of Mr. Wilson's Article.) » 
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In summing up the results of the latest Commission on chloroform it is to be remem- 
bered that, in the opinion of many persons, as regards the first part of their work, viz, the 
investigation of the point, does chloroform paralyse the heart? nothing new has heen added to 
our knowledge. 


The result has been to confirm the work of some of the previous experimenters, bnj 
without explaining how the theory of cardiac paralysis appeared to be borne out by the experi- 
ments of Dr. Snow. There has always been since the discovery of chloroform sufficient 
evidence to prove that it is very difficult, if not impossible, to produce sudden cardiac paralysis 
by it in animals, and an equal amount of clinical evidence to justify the supposition that such 


can occur in man, 


To estimate the value and importance of the second part of the report, it must be noticed 
that the action of chloroform on the heart was (by the advocates of this anmsthetic) considered 
to be the only objection to its general use. It was this supposed power of causing irremediable 
cardiac paralysis which made people afraid of it. If this property could be shown to be non- 
existent the harmlessness of the drug would be established. 


This is easily understood, from the facts that artificial respiration is so readily carried 
out, and cessation of respiration remedied by artificial respiration so common, that the impres- 
sion is prevalent that it is easy to breathe for a person, but the remedying of the cessation of 
the heartbeat presents insuperable difficulties, 


Tt was not imagined that chloroform might possess other dangers—it is for a knowledge 
of these that we are indebted to the Commission, v/z., the importance of the part played by 
yaso motor paralysis in the causation of death, and the fact that the paralysis of the respiratory 
centre may be final at the moment that attention is drawn to the cessation of respiration, 


Tf the conclusions of the Commission are accepted in full without reserve, chloroform 
has no power of paralysing the heart ; one danger is removed, but it is replaced by one as great 
in every respect, viz. paralysis of the vaso motor centre. This may set in very suddenly, with 
hardly any warning ; it is as far beyond treatment as cardiac paralysis, and it is as fatal, If 
the cardine paralysis from chloroform does not exist, vaso motor paralysis must haye been the 
cause of the numerous deaths recorded against chloroform ; and how sudden and irremediable 
this is the reports of fatal cases abundantly testify, 


When death occurs from yaso motor paralysis it is clearly imaginable that the vaso 
motor centre may be hopelessly damaged or rapidly reaching that stage, while the pulse is still 
present and the heart attempting to keep up the pressure. So that for some seconds there may 
be a deceptive condition in which both pulse and respiration are present, yet a fatal termination 
is imminent. That this death from vaso motor paralysis does occur in man is shown by the 
yery rapid running pulse mentioned in some cases as preceding the fatal termination. 


The extensive experiments of the Commission have left the chloroform question in the 
following condition; It was not found possible to directly paralyse or affect the heart by 
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chloroform in some 600 administrations 
of the vaso motor and respiratory centre: 
When death occurs it is the result of an 


Death from chloroform is d 
ue apparently to i 
S—probably one or both ce Bile 


of these 
overdose of the drug, Tay Bositscteds 


Tt cannot be too strongly insisted that the 
confidence in chloroform than we had before, 
safeguard, sinco it produces as sudden 
paralysis in addition. Its physical anc 
permitting the patient to inhale an oy. 


work of the Commission gives us no greater 
That it does not cause cardiac paralysis is no 
and equally fatal vaso motor paralysis, and respirator 
1 chemical properties remaining the same f 
erdose will remain as great as ever, : 


the danger of 


ake ae , ; 
Tn the Practical Conclusions no directions are 


F . given for its administrati 
which have been in use for years, a 8 ministration beyond those 


nd in the presence of which so many fatalities haye occurred 
, 


either from yaso motor, cardiac or respiratory paralysis. 


Tn the face of these it is hardly to be expeete: 


d that the deaths f fi 
much diminish. eaths from chloroform will 


(The Hyderabad Commission has proved that the sole duty of the 
Chloroformist is to produce normal anesthesia, and we agree with Mr, Alexan- 
der Wilson that this duty includes keeping “ himself in touch with the whole 
condition of the patient all through the operation”. But keeping in touch 
with the patient's condition is a very different thing from taking the pulse as 
a guide to the effect of chloroform, for the simple reason that the pulse affords 
no indications whatever of normal anesthesia, The pulse is dangerously affect- 
ed by abnormal chloroform administration ; and abnormal inhalation alone 
can originate the deadly symptoms of peril for which Mr. Wilson watches it.] 


ARTICLE BY Screnoy-Maror E, LAWRIE, 
[Reprinted from the “ Medical Chronicle” of January 1891.) 


Ty the Meprcat Curoyicre of February, 1890, there is an ably written review of the 
Hyderabad Commission’s report on “ Chloroform,” signed “Alexander Wilson,” ‘The review 
ends thus :—“ Increased knowledge has added nothing new to the directions for its” [chloro- 
form’s] “administration.” I hope that on reconsideration Mr, Wilson will see fit to modify 
this statement, which is inconsistent with faet. 


The Hyderabad Commission was appointed to confirm or disprove Syme’s and Simpson’s 
principles that we should be guided as to the effect of chloroform entirely by the respiration, 
The Commission has not only proyed that these principles are sound, but has also proved 
that the art of administering chloroform with safety consists in keeping the breathing 
absolutely regular throughout the inhalation. This proof is new, and has never been established 
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Re ree As far as I am aware there is no text-book on surgery of the present day, except 


“Sir Joseph Lister's article in “ Holmes’s Surgery,” that does not recommend that the pulse 
as well as the respiration should be watched for signs of the effect of chloroform, and it is now 


to prove, as the Hyderabad Commission has proved, that to watch the pulse at all is both wrong 


and dangerous. 


The photograph of two original tracings of Experiment No, 186 which accompanies this 
paper demonstrates the futility of attention to the pulse in chloroform administration, For 
example, in Tracing III., Ludwig, though the pulse of the dog experimented on was appa- 
rently much better at 2 hours 55 minutes than at 2 hours 54 minutes, it was not really go, 
Dr. Gaskell has shown that when the blood-pressure is high the pulse must necessarily bo 
better than when the blood-pressure is low. The pressure at 2 hours 54 minutes was much 
higher than at 2 hours 55 minutes, and the pulse was therefore in reality better in proportion, 
though it was smaller in the tracing.” On the other hand, the danger of waiting for signs in 
the pulse of failure of the heart under chloroform is well shown in the Tracing IV., Ludwig, 
at the end of which the failure of the pulse at 8 hours 19 minutes 15 seconds, was a sign of 
impending death. 


The two tracings demonstrate all that it is possible to know regarding the safe adminis- 
tration of chloroform, and are well worth careful examination, (Hverything which occurred in 
the experiments was marked and recorded on the tracings as the drum revolved, and nothing 
except what is written in red inkf was added afterwards.) The most remarkable points they 
exhibit are (a) the uniformly gradual and regular fall of blood-pressure which occurs when 
chloroform is administered in such a way that the breathing is perfectly regular, and (4) the 
entire absence of danger if the administration is stopped when the animal or patient is “ under”, 
Formerly we were told that chloroform lowers the blood-pressure ; that this in itself shows that 
its administration is dangerous ; and that occasionally the fall is so unexpected and capricious 
as to produce sudden death by stoppage of the heart. ‘The Hyderabad Commission has shown 
(1) that the lowering of the blood-pressure, which chloroform and all anesthetics cause when 
efficiently administered, is in itself a harmless event, if the respiration alone be attended to and 
taken as a guide, and if the administration be stopped when the patient is fully anasthetised ; 
and (2) that the sudden falls of pressure which the Glasgow Committee asserted are dangerous, 
and attributed to chloroform, are due to stimulation of the vagus, and, by slowing the circula- 
tion, are a safeguard against overdosing. The Hyderabad Commission has further proved that 
all irregularities in the fall of the blood-pressure and in the circulation under chloroform, in- 
eluding such an irregularity as dilatation of the heart, which never occurs when chloroform is 
administered properly, are due to improper administration, with irregular breathing and in+ 
sufficient air. 


There is no loophole of escape for the opponents of principles which Syme long ago 
showed to be essential for safety in the administration of chloroform. Tracings 8 and 4 of Bx- 
periment No, 186 of March 6th, 1890, were not produced accidentally, but are examples of what 





{* This statement is open to correction. ] + Black in the diagram. 
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happens in every case of chloroform inhalation without z 
nee excepti i Pes, 
where the breathing is perfectly regular, Any one who - nee oe Si a in animals, 
right way can obtain the same sequence of events clinically, which the oe 0: a in the 
mentally ; and I undertake to produce them invariably in any, lahoratane aoe 28 i ‘Y experi- 
world, My students do it here every day, Ty or operating room in the 


and if we can do it anyb i i 
rities in the tracings of the Glasgow Committee, and Profe rani fo 


s in t ssor Macwilliam’s more recent b 
of dilatation of the heart, are due to obstruction of the circulation in the lungs choghiateeiered 


with, or irregularity of, the respiration. ‘The proof of this is furnished by the experimenters 
Nebeege a) that in their experiments the angsthetic was ad- 
saturated urth chlorofor 7 fs 0 ariyae . 

In Professor Waren cprtinads See ae = me a ie 5 ei 
Professor Macwilliam states that only a certain eenlag ee ae ee 
E 4 certain percentage of chloroform, 1 to 5 per cent., was 

riments he performed in this manner. Before we can 
accept his conclusions, howeyer, he is bound to demonstrate that air containing from 1 to 5 per 
cent, of chloroform, blown into the trachea with bellows, is incapable of producing obstruction 
of the circulation or respiration in the lungs. Obstructed circulation in tho lungs and a 
rapidly falling blood-pressure are more than enough to account for the dilatation of the 
whole heart, which occurred in his experiments and which he wrongly attributed to the direct 
action of chloroform. It is amusing to contrast Professor Macwilliam’s statements regarding 
the danger of dilatation from the direct action of chloroform on the heart in the laboratory 
with Dr. James Dunlop’s clinical experience, as narrated in The Lancet of September 27th, 
1890, that in typical cases of death from the direct action of chloroform the heart is empty and 
flaccid. Perhaps Mr. Alexander Wilson will assert that Professor Maewilliam’s statements “ are 


themselves. The Glasgow Committee st 
ministered in a cloth 


allowed to get into the air, in the expe 


only a little fuller and more complete” than Dr. Dunlop’s, and that they are “ not incompa- 
tible,’ which is the view he takes of Hrichsen’s teaching that the pulse should always bo taken 
asa guide, and Syme’s teaching that it should never be taken as a guide in chloroform 
administration, 


Tam satisfied to leave the question of chloroform administration to the judgment of 
the readers of the Mrprcat Cunonicur. I have always understood that, next to saying life, 
the prevention and relief of pain are among the most important duties of our profession, 
According to the teaching of the Hyderabad Commission, pain may safely be prevented and 
relieved with chloroform by any intelligent and properly twught medical practitioner; and there 
can be no question that every medical man ought to be able to give a dose of chloroform 
with as much precision and certainty as a dose of morphine, or of any other poison. The 
practical outcome of the disastrous teaching of the Glasgow Committee, backed up by Erofessors 
Wood and Macwilliam, is that the relief of pain by chloroform is to be handed oyer to special 
their own declarations and statistics show that they 
cannot give it with safety. Txaetly in proportion as this teaching gains ground the bulk of the 
profession suffers loss in credit and in pocket, and the adyantuges chloroform GONEIC) most: 
seriously restricted and curtailed. There is no more necessity for the anesthetist, oe ae 
and other apparatus, than for a hypodermic morphia injectionist, or other po 
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ists, who alone are to administer it, though 
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anesthetist is to be tolerated hereafter at all, it must be becauso ho is a man of pleasant presence 
and cheerful countenance, who knows how to comfort and re-assure the patient until chloroform 
oblivion is secured. 





ARTICLE REPRINTED FROM THE MEDICAL CHRONICLE 
OF FEBRUARY 1891. 


By JOHN A. MACWILLIAM, m.v., 
Professor of the Institutes of Medicine in the University of Aberdeen. 


In the Wedical Chronicle of January, 1891, Surgeon-Major Lawrie, in an article on the 
Hyderabad Chloroform Commission, makes some comments on certain results obtained by me in 
arecent investigation on the action of chloroform and ether, published inthe British Medical 
Journal, October 11th, 18th, and 25th, 1890, In my paper I described the frequent occurrence 
of dilatation of the whole heart under the influence of anmsthetic doses of chloroform. Such 
dilatation was not due to changes in the pulmonary circuit or to a full of arterial pressure, 


Dr. Lawrie urges that the cardiac dilatation was due to obstruction of the circulation in 
the lungs, or to this along with a fall in the blood-pressure. He says: “ The irregularities in 
the tracings of the Glasgow Committee and Professor Macwilliam’s more recent bogey of dilata- 
tion of the heart, are due to obstruction of the circulation in the lungs through interference with 
or irregularity of the respiration,” And later : “ Obstructed circulation in the lungs anda 
rapidly-falling blood-pressure are more than enough to account for the dilatation of the whole 
heart, which occurred in his experiments, and which he wrongly attributed to the direct action 
of chloroform.” 


Now this hypothesis of Surgeon-Major Lawrie’s can be briefly and conclusively disposed 
of. There is an abundance of decisive evidence available. First, as regards the alleged influ 
ence of obstruction of the circulation in the lungs in causing dilatation of the heart. In my paper 
in the British Medical Journal 1 stated the fact that such an explanation was incompetent to 
explain the cardiac condition, since the whole organ was dilated in my experiments. Dilatation 
of the right side of the heart might conceivably (if there were no evidenco to the contrary) 
be accounted for by the presence of pulmonary obstruction. But dilatation of the left side 
(4.g., the left auricle) could clearly not be accounted for in the same way, since pulmonary 
obstruction necessarily diminishes in large measure the flow of blood into the left auricle and 
this part becomes small and collapsed, ‘This seemed so obyious to me that I did not discuss the 
matter at any great length, 


T shall now state briefly some facts in regard to Surgeon-Major Lawrie’s hypothesis of 
obstructed circulation in the lungs :— 


(1) There is no proof whatever of the occurrence of pulmonary obstruction from the : 


administration in mammals of ansethetic doses of chloroform sufficiently diluted with air, a5 


was the case in my experiments, the amount of 
four per cent, 


(2) On the other hand, there is rare 
present in my experiments, Obstruction feo ae patel 
of the pulmonary artery as well as, and indeed earlier than distension ane 7 cause distension 
pulmonary artery would become large and tense in vonsonstats of th engl Hearts Tho 
resistance to the outflow of blood from that vessel, Then the increased sane a 
upon the right heart and cause distension there Hpraiberritercs hte es: 


also, But in my experiments there was no 

distension of the pul onary artery during the administration of chloroform @ vessel did not 
Shi el t 
become distendec 3 it was soft and compressib| e, and the tension within it was low. It is quite 


certain then that pulmonary obstruction could n 
ary ot have been the cause of the dilatati 
the right side of the heart. ae 


(8) Even if pulmonary obstruction had been 
obstruction could not haye produced the 
similar to it, 


present—as was not the case—such 
condition which I described, or anything at all 


: I haye on ‘Various oceasions purposely brought about a condition of pulmonary obstruc~ 
tion by mechanical means with a view to studying the features of this condition, This I did 
by injecting into one of the great systemic yeins some particulate substance, eg., lycopodium 
powder, which would cause embolism of the pulmonary yessels, and so obstruct the circulation 
in the lungs. When such a substance is injected into the yein it rapidly passes through the 
right heart into the pulmonary vessels, speedily causing more or less extensive and sudden 
obstruction of the pulmonary circulation, according to the amount and suddenness of the 
injection, 


The effects resulting from the plugging of the minute pulmonary vessels induced in this 
way are yery noteworthy, and illustrate clearly the consequences of obstruction of the circula= 
tion in the lungs. The pulmonary artery swells up and becomes largely distended, while at 
the same time the yessel feels hard and tense to the touch ; the pressure within the yessel is 
greatly elevated. The right ventricle and the right auricle then partake in the condition of dis- 
tension, being unable to discharge their contents in the normal fashion in face of the greatly 
augmented resistance in front, The lungs become pale and anemic, Meanwhile, it is important 
to observe that the left auricle becomes small and collapsed-looking, in consequence of the 
obstacle offered to the passage of the blood through the lungs. Strong respiratory efforts, with 
convulsions of the asphyxial type (accompanied by spasmodic contraction of the systemic 
arteries) supervene in consequence of the stoppage of the respiratory purification of the blood ; 
the medullary centres become violently stimulated by the yenous character of the blood, 
Death speedily follows. 


It is unnecessary to enter closely into a comparison, or rather contin ; of ie typical 
illustration of pulmonary obstruction here afforded, and the condition of ouiiae dilatation which 
T have described as occurring under the influence of chloroform, It is obvious that obstruction 
of the circulation in the lungs produces changes strikingly different from those that result from 


















eee is 341 
Sieve oF chides 3 and that the hypothesis of pulmonary obstruction may at once be 


Thave stated (vid 
as entirely insufficient and inapplicable, as far as an explanation of the cardi ated (vide ‘The Lancet for June 2 


cause of cardiac dilatation, when chlorofo: 
pulmonary stasis. This statoment is made o1 


Zsl, 1890), and still siate that a probable 


rm is pumped into tho lun will i 
m the aut aii he 


Seeing that it is easy to dispose of the question of pulmonary obstruction in regard to 





definitely that the cardiac dilatation is not due to a fall of blood-pressure. This is conclusively 
proved by the following facts :—“ (1) Dilatation of the heart does not by any means always 
run parallel to the fall of pressure which ordinarily results from the administration of chloroform, 
Sometimes there is a very marked fall of pressure, with little or no dilatation of the heart ; 
while at other times the heart begins to dilate before the pressure begins to full. (2) Moreover, 
the heart in some instances begins to dilate during the temporary rise of pressure which at times 
precedes the fall. (3) Further, there may be distinct dilatation of the heart without any change 
of pressure ai all. (4) Lasily, it can easily be shown that a simple fall of pressure, equal in 
amount to that which ordinarily occurs under chloroform, induced by means which do not 
directly affect the heart (¢.g., section of a vaso motor nerve, hemorrhage, etc.), does not cause 
dilatation of the organ as chloroform does.” 
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fe 
the world—Professors Michael Foster and Gaskell, In ority of the greatest physiologists a 


. Brean : 1879 th ‘ a | 
the effects of chloroform upon the heart, I shall now advert briefly to the possibility of carding cardiac dilatation to pulmonary obstruction ; in 1890 they eth a ee attributed # 
dilatation -being dependent on a rapidly falling blood-pressure, as alleged by Dr. Lawrie, This heart ; and now Professor Macwilliam asserts that it must result ae di bi _ 4 
$s a matier which I carefully considered in my paper, and in regard to which I was able to state exerted directly by the anwsthetic on the heart, presumably as a pear oat iy 

: . 13 rem Gy | 


that while the Glasgow Committee and Professor Wood are as much opposed to Prof 
rofessor 


Maewilliam as we are, they are all three antagonisti, 
: eto the Hyderab; mimissi 
are only linked by unenlightened fear of chloroform, ea tn ae 


The profound and irreconcilable differences of 0} 
fs . 90 
in 1879 and in 1890, and between the Glasgow Comm: 
importance in this connection, as there are serious sow 
experiments and conclusions, 


pinion beween the Glasgow Committee 
ittee and Professor Maewilliam, are of no 
rces of error in Professor Macwilliam’s 


» which reduce all his arguments about dilatation of the heart to 
insignificance, 


Professor Macwillinm giyes four facts, which he says, prove conclusively that cardiac 
dilatation is not due to fall of blood-pressure, They are as follows ;— 


fe It is clear, then, that the dilatation of the heart brought about by chloroform cannot be * é : 

te = due to obstruction of the circnlation in the lungs, or to a full of systemic blood-pressure ; it (1) Dilatation of the heart does not Lie ey moons always run parallel to the full of 
i must resuli from a depressing influence exerted by the anwsthetic on the organ (1) directly, or pressure which ordinarily results from aha administration of chloroform, Sometimes there is 
s (@) h the a cic. a yery znasked fall of yee le with little or no dilatation of the heart ; while at others the 
a throug heart begins to dilate before the pressure begins to full, (2) Moreover, the heart in some 
% Finally, as this depressing influence, leading to dilatation, is readily manifested after instances begins to dilate during the temporary rise of pressure which at times precedes the 
: section of both yagi, it is obvious that chloroform must act upon the heart directly. fall. (8) Further, there may bea distinct dilatation of the heart without any change of 
ww 7 pressure at all. (4) Lastly, it can easily be shown that a simple fall of pressure, equal in 
rT y I cannot help feeling that even a comparatively slight amount of actual observation of ee to that aah oftinanle ieee chloroform, induood by ae whieh not 
ee the feutures and results of a simple lowering of the blood-pressure and of veal pulmonary directly affect the heart (e.g., section of a yaso motor nerye, hemorrhage, &e.) does not cause 


obstruction would haye prevented Surgeon-Major Lawrie from putting forward and adhering 
to such a hypothesis as I have here discussed,—a hypothesis at once insufficient, absolutely 
untenable, and in conflict with large and somewhat elementary facts in the physiology of 
the circulation, 


ARTICLE sy Surazoy-Masor EDWARD LAWRIE, 
[Reprinted from the “ Medical Chronicle” of May 1891.| 


CoyTrovenrstes on medical topics, even where great principles are involved, are apt to 
degenerate into mere word-quibbling or wrangling. I shall endeavour in the present article 
on chloroform to conduct the discussion between the Hyderabad Commission and Professor 
‘Macwilliam into a channel of agreement which will interest the whole profession, by whose 
judgment the question in dispute must ultimately be decided. 
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dilatation of the organ as chloroform does.” 


These four facts, if facts they be, distinctly prove that Professor Macwilliam’s results 
with chloroform are not uniform, Sometimes one effect is produced, sometimes another, I 
shall demonstrate later that the irregularity of his results was caused by the irregularity 
of, or interference with, the respiration and the normal oxygenation of the blood in his 
experiments. 


From Professor Macwilliam’s first fact it is clear that dilatation is not failure of the 
heart function, because it bears no relation to the blood-pressure. Fact two shows that dats 
tion is probably the result of the rising pressure with which it oceurs, and this in its turn 1s 


the result of the contraction of the small arteries stopping the outflow of blood. Professor — 


Maewilliam’s third fact, that “ there may be a distinet dilatation of the heart without toy, 
change of pressure at all ” is paradoxical. It is impossible to believe that blood-pressure can 
be maintained with a failing heart, seeing that the heart is the only source of pressure, If 




















heart dilatation can really occur without fall of pressure, it must be a natural condition and 
harmless. We have no right to expect the heart to do anything more than maintain pressure 
in the aorta, ‘That is its sole function, and if pressure be mapanaingd the heart cannot be said 
to fail. Professor Macwilliam’s description of rhythmical dilatation ia also very suspicious, It 
the dilatation were due to the chloroform action on The heart muscle it would assuredly go on 
inereasing to the end. Professor Macwilliam assumes dilatation to exist because his base ling rises 
whereas a rise of base line might be produced by anything that raised the heart as a whole, 
The entire arrangement is so artificial that it is very difficult to accept any of his results, or to 
believe that he can make all his levers and tambours, six in number, works in the perfect way 
ho describes, and at the same time that he can watch the condition of the pulmonary artery s0 
narrowly (in the eat !) as to be able to assert that it was soft and compressible, and that the 

ressure within it was low.” The fourth fact is meaningless. Nozone would expoot the heart 
to dilate with loss of blood. In bleeding, the blood is removed from the arteries and stored 
outside the body. By chloroform poisoning blood is not lost, but is memoyed from tho 
arteries, the pressure falling im consequence, and stored any the veins, ‘Pastioge in the heart 
itself, Granting, however, that Professor Maewilliam’s cardiac dilatation is meal, its depressing 
influence is a pure assumption and is opposed to the very facts on which he relies to proye his 
case, 

The truth is that the Glasgow Committee in 1879, and Professor Macwilliam in 1890, 
drew conclusions from an inadequate number of experiments, The Glasgow Committee made 
their observations on less than half a dozen animals ; Professor Macwilliam made his on 75 cats, 
Just as the Hyderabad Commission’ and Professor Macy 
pressure, which the Glasgow Committee considered dangerous in chloroform administration, is 
harmless, and may be a safeguard, so some future observer will show that Professor Macwilliam’s 






am have shown that the fall of 





cardiac dilatation is not only harmless but is a safeguard also, It would not be surprising if 
Professor Macwilliam’s dilatation of the heart turns out in this way to be an important 
physiological discovery of the same kind as Dr, Bomford’s discovery of the safeguard action of 
the vagus nerve, It is likely enough that the whole vascular system is relaxed by chloroform, 
including the walls of the heart. Under such circumstances the safeguard action of dilatation 
may consist in an arrangement to allow the blood naturally to coilect in the heart, which is 
the best place for it, ready to be pumped into the aorta at 2 moment's notice, and so restore the 
pressure, Suppose the heart is completely relaxed by chloroform, as the systemic muscles are, 
it will go on again if respiration is kept up. In any case there is no danger clinically from 
cardiac dilatation in chloroform inhalation, Clinical results cannot be accepted only when they 
fayour the view that chloroform is dangerous. Probably as much chloroform is used in India 
as in the whole of Hurope, and we haye no eyidence of dilatation of the heart, as a dangerous 
effect of chloroform, from one end of the year to the other, 


The Hyderabad Commission did not discover the key to the safe administration of chlo- 
roform, until they had made observations upon 565 animals and had reached their 148th mano- 
meter experiment, The tracings of this experiment are produced here, and ought to be com- 
pared with the tracings of the experiment of March 6th, 1890, which were so beautifully engraved 
in the January number of the Medical Chronicle. In experiment No, 148 chloroform was at 
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first given freely on a cap, held close over the animay’ 
ky ea : 
Brunton gave the signal to give chloroform, the ca; nimal’s mouth and nose, Hyery time Dr, 


the animal struggled, and held its ih, “a P was immediately held over the face, and 


iis ; : gasped. The biood- ‘ 
rapidity and irregularity, on each of the four occasions when ZA ah ee 
t : en in this way 


between 2h. 50m, Os. and 3h. 11m, 0s. After the fourth administration, at 3h 11 
i, a rae to hold the cap some distance from the face, sail ae nas ea 
to breathe regularly. This was done at the next i i : eo 
4 5 es. g LE xt inhalation at 3h, 17m. Os, 
with the previous administrations was so marked, that Dr, Branton aug the a a am 
roformis 


as playing tricks, and said “ 
was p LY Ing Tricks, and said There wees struggling, 


pan g, and no irregularity either of the fall of blood- 
: Jn the contrary, the tracing was perfectly 
observation at Fick 7 shows absolute regu . chase vitocd Ee 


arity of the pulse, These obseryati 
: ; a y 30. ations were 1 
during the experiment with the same result, Bae 


dura Pa ‘ 
I You are not giving the chloroform.” 
holding of the breath, or irregular breathin 


pressure, or of the circulation, 


From experiment 148, when the clue was obtained, until the end of the research, the 
2 


out to a satisfactory cottclusion the problem of the 
iscovered that it is possible to give chloroform in such 
a way as to produce invariably uniform results, It was found that, in chloroform inhalation, if 
he fall of the blood-pressure, the action of the heart, 
ar also; and under these circumstances it is impos 
administration is continued after full anmsthesia is 
ese particulars in chloroform inhalation indicates a 
corresponding irregularity of, or interference with, the respiration and the normal oxygenation 
of the blood; and it is difficult to imagine a greater irregularity of respiration than is involved 
in pumping chloroform into the lungs with bellows as was done in Professor Maewilliam’s 
experiments. We were able to demonstrate that it is in the very highest degree dangerous to 
administer chloroform to an animal while the breathing is irregular, particularly if there 
be struggling or holding of the breath, When either of these untoward events occurs, the 
animal may be forced to gasp in chloroform at an abnormal rate, and irremediable overdosing 
may take place, without warning, at any moment, 


Hyderabad Commission gradually workec 
safe administration of chloroform. Wed 


the breathing be kept perfectly regular, t 
and the circulation will be perfectly regu 
sible to overdose the animal, unless the 





produced, Any irregularity in any of t 


The results arrived at by the Hyderabad Commission correspond precisely with those 
obtained clinically, I have now given chioroform for more than a year, on the lines indicated 
by the Commission, with absolute uniformity, In the human subject, as in animals, so long as 
the breathing is perfectly regular and the inhalation is stopped in good time, there is no danger 
whatever in pushing chloroform until full anzsthesia is produced. But it is excessively danger- 
ous to administer chloroform to a struggling patient, or if the patient’s breathing is irregular, 
or to give it in such a way as to make him hold his breath, Hence the rule—which is now 
enforced here without exception—that, if the patient struggles or breathes irregularly, or holds 
his breath, the chloroform cap must be entirely removed, and the patient must be made to take 
a breath of fresh air before the administration is proceeded with. 


‘The Hyderabad Commission do not pretend to have done more with regard to chloro- 
form than test its suitability and safety as an anmsthetic. They have shown oy it can be 
administered with uniform safety, and that its administration is surrounded with natural: safe- 
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guards : and their experimental data correspond with clinical experience. The immunity from 
fatalities enjoyed by Syme and by hundreds of his pupils, in whose practice deaths from chee 
form hayo been altogether exceptional, and amount to nothing like the London statistics of 1 
death in every 1,236 administrations,* cannot be set aside as accidental or due to chance, 
Professor Maewilliam’s present position is untenable, and his theory that dilatation of the fies 
is a danger of chloroform, and that therefore the pulse must be watched during its inhalation, 
has received its death-blow from one of his own supporters. In Lhe Lancet for December 13th 
1890, Dr. Dudley Buxton describes a method of chloroform administration, in which feeling 
the pulse and taking it as a guide is an essential principle. ‘This method causes, according to its 
author, general feebleness of the circulation with “ distinct and unmistakable cardine enfeoble- 
ment,” which “ is progressive, and likely, it has appeared to me in moro than one case, to oul 
in cardiac syncope unless prompt and yigorous measures were used.” Dr. Buxton goes on to 
state that the anatomical counterpart of this faulty method is to be found in the relaxation and 
dilatation of the heart in Professor Macwilliam’s experiments. It is probably true that Professor 
Maewilliam’s experimental data correspond, as Dr, Dudley Buxton says they do, with “ the 
in and again in the operating theatre,” but 





procession of events which one has encountered ag: 
there is little doubt that this agreement between the two is equally damaging to both, no less 
so to Professor Macwilliam’s experimental methods than to Dr. Dudley Buxton’s plan of 








giving chloroform. 





The Hyderabad Commi: 


ments, and since verified clinically, that the only way to keep the pulse regular under chloroform 


Kill, care, and attention of 


ion takes its stand on the fact brought out by its own experi- 





is to keep the breathing regular. This requires all the unceasing 
the chloroformist. Chloroform is administered in practice by inhalation. If the breathing 
is regular the anzsthetic will be inhaled in regular quantities ; regular breathing constitutes 


in reality the only reliable means of measuring the dose ; and no capricious or irregular effects 





can be produced on the circulation or the pulse. If the breathing is irregular, the chloroform 
will be inhaled in irregular quantities, which will give rise to irregularities of the circulation 
and of the pulse, and danger will always be imminent. It is obyious that without special risk 
to the patient the pulse cannot be taken as a guide by which danger can be averted under chlo~ 
roform. Tailure of the pulse indicates heart-failure,t and is a sign, like pallor of the face and 


5 








dilatation of the pupil, that a dangerous stage has already been reached; and danger in chloro- 
form inhalation implies improper administration and overdosing, either from irregularity of 
the breathing or from the anwzsthetic haying been pushed too far. Those who take the pulse 
as a guide unconsciously allow “ distinct and unmistakable cardiac enfeeblement ” to occur, and 
then proceed to rescue the patient by “ prompt and vigorous measures.” ‘The Hyderabad Com- 
mission seeks to entirely ayert danger in chloroform administration by keeping the breathing 
regular, which is the only possible way of protecting the heart and circulation. In short, the 
object of the chloroformist must be to give chloroform in such a way that danger can never 





: bits Mr. Roger William's letter in The Lancet of February 8th, 1890. 
ie Hoes Pareto to this rule, Failure of the pulse and sudden pallor may indicate inhibition of the ie f 
ae aes ia a of the Mate ‘These symptoms are in themselves harmless, and are unquestionably a safeguar’s 
6 safeguard action of the vagus is brought into play is dangerous, as it shows that the angsthetic 
has been improperly administered with insufficient air; and it demands the immediate employment of artificial respiration-] 
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arise; and this object can he attained b hates 

Aaa F any intelli i 

implicitly the teaching of the Hyderabad on ae ie ge seem Ae chooses to follow 

be brought to the proof. On the facts established by the Hyderabad e owever, very easily 

the Glasgow Committee, or Professor Wood or Professor eae ee i challenge 

irregular trace or a dangerous dilatation of the heart with aitsiesny wets Sante ie 
5 2 of 


the respiration, in any animal whose breathing i 
administration, cathing 1s normal and regular throughout the 





ARTICLE sy PATRICK HEHIR, .p., rr.c.s.e 
Surgeon, Bengal Medical Service; President, Pirst Hyderabad Chloroform Commission 


[Reprinted from the “ Medical Chronicle” of June 1801.) 


THE 





various, discrepant and irreconcilable opinions recently expressed in medical 
periodicals regarding the question as to the right method of inducing chloroform anzsthesia 
in the human being, indicate that even the highest authorities on the subject entertain almost 
opposite views. These opinions have poured in from all quarters during the last twelve months, 
that is, since the publication of the Report of the Second Hyderabad Ohloroform Commission. 
When we consider that it is this very difference of opinion in regard to the proper method of 
producing insensibility by inhalation of chloroform vapour (in other words, that it is the varia- 
tions in the way of administering it) that lies at the foundation of the great disparity of 
mortality statistics from chloroform anesthesia, we must admit that the question itself is a most 
momentous one, and one that might with credit to the profession be remoyed from its present 
equivocal basis. 


The history of the origin of the Hyderabad Chloroform Commission is too well known 
to require any further explanation here beyond that of stating that the object in view was to 
show that the principles upon which the late Professor Syme administered chloroform were 
sound and reliable. We cannot be too frequently reminded as to what these principles are : 
« Free admixture of air with the vapour of chloroform, which is ensured by using some soft, 
porous material, as a towel or lint, presenting » large surface; no stint in the quantity, of 
chloroform given; watch the respiration.”* He considered that there Bs never any occasion 
to feel the pulse or examine the heart either before or during anesthesia, 


The main practical points brought out by the Hyderabad Chloroform Commissions, 
were: (1) that primary curdiae syncope during chloroformisation does not occur, and (2) that 
the respiration is the only sate guide to the effect of chloroform. In the report of the First 


Hyderabad Chloroform Commission we made the following statement: + “Inno case did car- 
diac syncope occur, ‘The Commission considers that it is impossible for chloroform vapour to 


kill a dog by acting primarily on the heart, and this holds good no matter in what doses or 


* Vide Lancet, 1855, Vol. L, p. 65. + Vide Lancet, January 22, 1890, 
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jn what manner tho anmsthesia is induced. Death from primary cardiac syncope never took 

co.” Furthor, “ With regard to the anesthesia produced by chloroform in dogs, once in. 
sensibility is brought about, so long as respiration is kept up, there is no fear of a cumulative 
effect, the drug is rapidly eliminated. Interference with this oliminative process brings about 
changes in the respiratory mechanism, which ought to Bron suspicion and prepare us for arti. 
ficial respiration. The keenest watchfulness of the respiration was indispensable from the begin 
ning to the close of chloroformisation, if safety was to be guaranteed. Tam thoroughly 
eonvinced that the same remarks hold good with regard to chloroform anesthesia in the 


human being. 


These conclusions were arrived at from simple observation, and record of the pheno- 
mena occurring during the chloroformisation of dogs. They wore silequataly substantiated, 
supplemented and placed on a scientific foundation by the experiments of the pecan Hyder 
bad Chloroform Commission, and have not, as far as I have been able to glean from the yarious 
disoussions that have arisen on the question, been as yet successfully controyerted. 


Before the conclusions of the Second Hyderabad Chloroform Commission were made 
known, the fact that respiration is always affected before the heart caused ine most scrupulous 
attention to be paid by the adherents of Syme’s principles to the condition of the former during 
chloroform anesthesia, and it was found that if the respiration ceased, which it oceasionally did, 
there was always time to restore the patient by artificial respiration. Under this old system of 
administration, in all. probability overdosing with the yapour not unfrequently took place, but 
the rapid elimination effected by the prompt artificial respiration, which was sometimes demand- 
ed, rendered the patient exempt from real danger. Surgeon-Major Lawrie has gone a step be- 
yond his former teaching: he now removes the anzesthetic as soon as thane a5 DY impediment 
to the respiratory mechanism, beginning it again as soon as uniform breathing 15 re-cetablishags 
He now insists on (1) chloroform being given in such a way that the respiration is regular 
throughout the administration, and (2) the anwsthetic being entirely removed, and the patient 
taking a breath of fresh air if any straggling, holding of the breath, or irregular respiration 
occurs. The observance of this simple practical rule isan absolute safeguard against overdasing 
with chloroform vapour, and with this plan of administration it is difficult to imagine a death 
from chloroform inhalation taking place otherwise than under a combination of fortuitous 
circumstances, or as a purely accidental event. Formerly the respiration was watched for 
warnings whereby danger might be arrested, now it is attended to in such a way that danger 
can never arise, 


One great lesson to be learnt from the results of the Second H yderabad cea 
Commission’s experiments is that regularity of the respiration is to be maintained throughow 
the administration of chloroform, and that a continuance of the anesthetic during any inter 
ference with regular respiration is associated with danger. Previous to the announcement ot its 
conclusions of the Second Commission, all those who give chloroform on the late Professor 
Syme’s principles watched the respiration, knowing that when it became shallow, on bar 
or ceased, danger was to be apprehended if prompt artificial respiration was not resorted to; + 
now, in addition to watching the respiration, it is incumbent on us to the utmost degree pos) ¢ 


— 
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to keep it regular, Tho maintenance of thi 


Pas 3 regulari A 
Surgeon-Major Lavrie, and constitutes the gularity of breathin 


is rightly insi, 
ieey to the auf adminis 8 18 rightly insisted upon by 


tration of the anesthetic, 
The two occasions on which I have i 
experie i hc ee 
form administration were:— a ay danger in connection with chloro 
(1) In the case of a child 24 
being performed. In the middle of 
spiratory effort suddenly sucked a 


years of age on whom the operation of circumcision was 
the operation he began vomiting, 


tory Piece of guava about the size of 
Respiration absolutely ceased, and were it not that I 


guaya out with the finger (g 


and during a violent in, 
an almond into the larynx, 
had the good fortune to hook the piece of 
. process which must haye taken about half a minute to carry out), 
the case must haye been fatal if an opening were not made into the larynx, The ean os 

the mother haying been previously told that the child was to have 
that morning before the operation, and as a matter of fact she did 
not know that the child had stolen into the garden and partaken of gnava, All through the 


period during which the lump of guaya effectually blocked up the rima glottidis, my assistant 
informed me that the pulse beats were regular. * 


performed about 9 a,.m., 
nothing but a little milk 


(2) The second case was one of phlegmonous erysipelas of the scalp, into which latter 
incisions were to be made. The man (an old clerk in the Revenue Department of His 
Highness the Nizam’s Government) was placed on the table, and my assistant was directed to 
give chloroform in the usnal way. I was in an adjoining rocm ahout eight yards off, and told 
the assistant to send in word when the patient was anmsthetised. In about four minutes’ time he 
rushed into the room and said that the respiration had stopped. I found that it had ceased. 
The patient was restored by artificial respiration, In this ease, likewise, the pulse was to he 
felt during the whole period of the cessation of respiration. ‘This accords with Professor Syme’s 
principles, and with the experience of both Hyderabad Chloroform Commissions. 


My personal experience with regard to the administration of chloroform is limited to 
about 1,500 cases, yet in these, it has been given under almost every conceivable circumstance, 
but always according to the principles laid down by Professor Syme. In six cases I have kept 
patients continuously under chloroform for over twelve hours, in three of puerperal eclampsia, 
two of tetanus, and one of hydrophobia ; and in one case—that of strychnine poisonixg—for 
five hours. All these cases except that of hydrophobia, recovered. In my student days I was 
taught the administration of chloroform on Syme’s principles, and I haye consistently adhered 


to them during the last eleven years. 


I have known Surgeon-Major Lawrie to give chloroform on wise principles for 
the last fourteen years with perfect safety, and his experience in this reaped is probubly alle 
The late Professor Syme’s and Surgeon-Major Lawrie’s uninterrupted series of canes without a 
single death form a monument of eyidence in favour of the principles upon which they nave 


administered this anesthetic. The students under Surgeon-Major Lawrie's instructions give 








er. inati in the Madras 
* A case precisely similar to this one, but occurring in an adult, and terminating fatally, was recorded 


5 ” 
Mail in 1888, ‘The coroner's verdict was death from “ accidental causes", 
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atement hat they do so with a savoir faire that would be in no way discreditable t 


Po my reasoning, the whole theory of safe chloroformisation might be summed up in the 
saphorism—Use pur chloroform, watch the respiration and keep it regular, This may appear to be 
most dogmatic assertion, and coming from one with my meagre experience may tinge of 

Still, Ihave given chloroform for over eleven years ; I have seen it given by 
‘Sargeon-Major Lawrie for many years, and I have worked with both the Hyderabad Chloro- 
form Commissions, and may on these grounds claim to be in a position to express an opinion 
on the subject. 

In conclusion, I would siate that the more widespread the knowledge of the late Profes. 
sor Syme’s principles of chloroformisation, and the more universally they are put into practice, 
the greater will become the confidence of the profession in this much maligned anesthetic, and 
the fewer, I believe, will be the deaths under chloroform from “ accidental causes,” To 
Sungeon-Major Lawrie the profession is indebted for his unswerving endeavours to restore 
chloroform to its proper position amongst anesthetic agents. 





ARTICLE sy Surcron-Masor EDWARD LAWRIE, 
President of the Hyderabad Chloroform Commission. 
[Reprinted from the “ British Medical Journal” of June 13th 1891,} 


Tar British Medical Journal has performed a signal service to the Hyderabad Commis- 
sion in placing before the profession Dr, Julliard’s views on chloroform and ether. Dr. Julliard 
had a death with Chloroform, Then instead of learning to give it safely he took, apparently 
with great reluctance, to ether. He has now learned to give ether safely and minimises its 
disadvantages by giving morphia. People who have been taught to give chloroform with 
safety are not likely to follow his example. Moreover the leading article in the Journal of 
April 25th, 1891, is incomplete, and ought to have included the London statistics so opportunely 
bronght forward by Mr. Roger Williams in The Lancet of February the 8th, 1890. 


z According to Dr. Julliard’s statistics, deaths from chloroform amount to 1 in 3,258 and 
from ether to 1 in 14,987 administrations. According to Mr, Roger Williams the statisties of 
the London hospitals show that deaths from chloroform amount to 1 in 1,236 and from ether 
to, in 2,754 administrations. On the other hand, the statistics of chloroform administered on 
Syme’s principles form an unbroken accord of inhalations from 1848 to 1891 without a death. The 
British Medical Journal regards Dr, Julliard’s figures as a “ most valuable statistical summary,” 
“but this summary would obviously be much more useful if it were accompanied by deserip- 
tion of the method of administration pursued in all the cases from which it is compiled. There 
_are two distinct methods of chloroform administration in yogue. In one the pulse, as well as 
the respiration, is taken as a guide : in the other, the pulse is never, under any circumstances 
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taken as guide, and it is manifestly unreasonable to 
without stating with regard to chloroform which of 
of this point lies in the fact that there is not 

which it is proved that the pulse was not taken of ait a mee nesonded in 
my own, where the pulse has never been taken as a te a aes ae 8 practice and in 
occurred, If the pulse is affected under chloroform it stein Ai ae agua has ever 
direct or through abnormal respiration, All the chloroformist ee es Poisoning either 
anwsthesia and of this the pulse can never be any’ test whatever as to produce is normal 
dangerous and useless to take it as a guide, : 
in a most striking light :— 


Mortality Statistics of Ether and Chloroform, 


these methods is employed, ‘The importance 


It is therefore positivel 
The following table places the svdlite dene 
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If statistics are of any value, this table ought to carry conviction with it because it ian 
clearly that chloroform administered on Syme’s principles is even less dangerous than ether 
administered in accordance with the most approved methods. But the Hyderabad Commission 
has no desire to institute further comparisons between them, All we say is, let anybody use 
ether who chooses, but if chloroform is to be employed, let it be given in the right way, 
Surgery cannot yet do without chloroform, and the only way to give it with invariable safety 
is to be guided, as Syme was, not by the circulation, but entirely by the respiration, What 
Dr. Julliard says about ether I can say mutatis mutandis about chloroform. During fourteen 
out of the seventeen months * that have elapsed since the Hyderabad Commission demonstrated 
that the key to the safe administration of chloroform consists in regular breathing, I have given 
chloroform several times daily. Not only haye I not had any deaths, but I have met with no 
accident of any kind. I have not once had to do artificial respiration or to pull forward the 
tongue. Neither haye I had to interrupt an operation in order to ward off any accident due to 
chloroformisation, There is no element whatever either of luck or of chance about these results, 
Any surgeon can administer chloroform without risk who will take the trouble to assure himself 
that the patient’s breathing is normal and regular throughout the administration, and to stop 
the inhalation in good time, ée., directly full ancesthesia is produced. Statistics such as those of 
Dr. Julliard and Mr. Roger Williams, which are intended to show the danger of chloroform, 
are, as my table proves, susceptible of a very different interpretation. If they, help to Bie 
anything, it is that no anesthetic is absolutely safe except chloroform administered on Syme’s 
principles, and the more proof we haye of this kind the better. 

Tap ® For three months I was absent on leave,—Ep. L, 
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LECTURE ON CHLOROFORM 
By Scureazon-Masor EDWARD LAWRIE. 


Dr. Lawnte, President of the Hyderabad Chloroform Commission, delivered a lecture on 
Chloroform in the Grant Medical College, Bombay, on Monday, June 29th, 1891 before a large 
assembly of the medical profession. Surgeon-General Pinkerton, who presided, briefly introduced 
the lecturer, saying he had much pleasure in introducing Dr. Lawrie, of the Bengal Service, to 
them. He had come there that day to tell them about his experiments at Hyderabad, It was un- 
necessary for him (the chairman) to say much, as they would haye read all that had been said on 
the subject, and Dr. Lawrie, he believed, was very anxious to give those who had taken it upa 
fair field and no favour. Thoroughly imbued with the results of his observations, he naturally 
wished to haye the sympathy of all medical men, especially of all medical men jin India, 
After Dr. Lawrie had given his views, he would be very glad if they discussed any point upon 
which they might differ, or which might not be clearly understood. 


Dr. Lawrie, who was receiyed with applause, then proceeded with his lecture. He said: 


“Mr. Present, Lapms AND GENTLEMEN,—Few people who have read the preliminary 
report of the Hyderabad Commission are aware of the real liberality and public spirit displayed 
by the Nizam’s Government in issuing the Commission. His Highness’s Government paid 
Dr. Lauder Brunton a fee of £1,000. The Government also paid the whole of the expenses of 
the Commission, including a complete set of invaluable photographs of the tracings of the 
experiments, and entertained the Commission royally during their stay in Hyderabad. In 
addition to this, Government defrayed the whole of the expenses connected Aah the report. 
Many people I have conversed with appear to think that it gave me an immense amount of 
trouble, and that I had to employ a great deal of persuasion to get the Commission appointed. 
Gentlemen, I never spoke tothe Nizam but once about the appointment of the Commission, 
The Nizam is one of the cleverest men in India, and directly I explained to him what was want- 
ed he understood it exactly, and after a short conversation he said he would issue orders for 
the Commission. It is needless for me to say anything further regarding the extraordinary 
and unprecedented liberality and interest with which the Minister, Sir Asman Jah, and every 
member of His Highness’s Government, carried those orders into effect. 


“Tn 1855 Mr, Syme published a clinical lecture, in which he said : ‘the points that we 
consider of the greatest importance in the administration of chloroform are, first, a free admix- 
ture of air with the vapour of the chloroform, to ensure which a soft porous material presenting 4 
pretty large surface is employed, instead of a small piece of lint or any apparatus held to 
the nose, If this is attended to, the more rapidly the chloroform is given ie better till the effect 
is produced. Then,—and this is a most important point—we are guided as to the effect, 
not by the circulation, but entirely by the respiration, You never see anybody here 
with his finger on the pulse while chloroform is given, So soon as the breathing be- 
comes stertorous, we cease the administration.’ The Hyderabad Commission does not pretend 
to haye done more with regard to chloroform than prove that Syme’s principles are right, 
and I hope to be able to lay the proof clearly before you this evening. Notwithstanding 
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Syme’s teaching, two distinct methods of chlorof 


: orm inistrat 
been, practised. In one the pulse, as well as the eM re Suite 
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always haye 


int z is taken i 
have been numerous. In the other, the pulse is never ander fe, ee re deaths 
mees, taken as a 


guide, and in Syme’s practice and in my own, extending o ‘i 
no deaths from chloroform haye eyer occurred, In ia ic By . ee ue 
appointed a Committee in Glasgow to experiment with samme pie ee 
number of observations on dogs and rabbits with sclirensditne cope nee a 
) y showei 
inhalation the fall is unexpected and capricious, te ree sie, 
Glasgow Committee called the normal, but dangerous, effect of i moter Te 
ere, ; iE : fi j chloroform. The sudden falls 
with slowing of the heart indicated, in their opinion, a source of extreme dan er. The traci 
and report of the experiments of the Glasgow Committee appeared to donates a 
lowering of the blood-pressure is due to weakening of the heart’s action ; (2) that TA : 
is peculiar to chloroform and is never observed with ether ; and (3) that death ma: pe 
at any time during chloroform inhalation by sudden stoppage of the heart. The terms rites 
and secondary chloroform syncope’ crept into use and settled themselyes in the namaste 
of medicine. The effect of the Glasgow Committee’s report was enormous, 


by tracings that chloroform lowers the blood. 


: Z far-reaching, 
and disastrous. No blame is to be attached to the Glasgow Committee, because they 
published their tracings, and anybody is at liberty to form his own opinion about them, 
Haying accepted them, we made ourselves just as much responsible for them as they 
were. No one stopped to inquire whether a general fall of blood-pressure is harmless 
or dangerous, or whether the fall of blood-pressure registered in their experiments 
was due to direct weakening of the heart or not. Common sense was cast to the winds, 
and two erroneous principles became established ona pseudoscientific basis, One is, that 
the pulse must be felt during chloroform administration, and the other is, that ether is not 
only a safe anesthetic, but is, under all circumstances, a cardiac stimulant. To such an amazing 
pass haye these two principles been pushed that the public have been made to believe that 
feeling the pulse isa safeguard in chloroform administration, and that it requires a 
specialist to do it. On the other hand, the blind and unfounded belief in ether as a cardiac 
stimulant has led to its employment hypodermically in cases of chloroform-poisoning, and 
even in ether-poisoning itself. The clinical experience and statisties which the Lancet call- 
ed for after the Hyderabad Commission’s report was published, have only brought out the 
curious fact that all chloroform deaths now-a-days are possibly the result of hypodermic 
injections of ether, which is always resorted to as soon as possible after symptoms of danger 
appear. Tt would be just as wrong to give subcutaneous injections of chloroform in ether- 
poisoning as to give subcutaneous injections of ether in chloroform-poisoning. 


‘ommittee was accepted by the whole profession as practi- 
‘ cK ; re 
cally final, I remember, when it was published in 1879, T felt at first as if Syme’s position 


was no longer tenable. As time went on, however, and it was found that chloroform could 


still be given on Syme’s principles with the same safety e before, I began to Brag ies 
must be some flaw in the experiments or conclusions of the Glasgow Committee, 


Accordingly in 1888 Sir Asman Jah, the Minister of Hiydaried) —suchiouss ee 


“The report of the Glasgow C 









to make further 
~ experiments with chloroform. Dr. Hehir’s Commission proved that in death from 


chloroform the breathing always stops before the heart, and in his report he made 
the original observation that as long as breathing is kept free there is no danger 
of a cumulative effect, and chloroform can be given with absolute safety. This conclusion vas 
not accepted by the profession. It led to a tardy discussion, and in 1889 His Highness the 
Nizam appointed another Commission. Through the enlightened liberality of His Highness’ 
Government, the Lancet sent out Dr Lander Brunton to represent it on the Commission, and 
at the same time the Government of India deputed Surgeon-Major Bomford. His Highness’s 
Government was represented by Surgeon P, Hehir, Dr. Rustamji, and myself. No better 
selection could possibly have been made by the Lancet than Dr, Lauder Brunton. He came 
out to India thoroughly convinced that chloroform paralyses the heart. During the whole time 
the Commission worked, he tried to stop the heart in every conceivable way, and failed. 'The 
Commission found that shock and chloroform are not associates but incompatibles, It is im- 





AG 


as 
” 7 


possible to produce cardiac syncope, or even vaso-motor depression, by any form of shock in 
any stage of chloroformisation. When it was found impossible to produce any effect upon the 
heart by any form of shock under chloroform, Dr. Bomford suggested that we should give 
{ chloroform and then stop the heart by electrical irritation of the vagus nerve, and see 
what happened. This was done, and what happened was this. We found that so far 
from being a danger under chloroform, stopping the heart actually proved to be a 


tS By ei al, | 








safeguard against poisoning, by slowing the circulation and delaying the conveyance of 
chloroformed blood to the brain and spinal cord. 


“The next phase of the Commission’s research consisted in demonstrating that the 
so-called normal fall of the blood-pressure under chloroform, which the Glasgow Committee 
considered dangerous, and the unexpected and capricious falls which they thought excessively 
dangerous are in themselves harmless. The cause of the gradual falls I shall refer 
to at a later period. We were able to prove that the sudden and capricious falls are due 
to inhibition or stoppage of the heart from stimulation of the vagus nerve from abnormal 
respiration or oyer-dosing, and are as much a safeguard against poisoning with chloroform 
as I haye just shown that the inhibition caused by electrical stimulation of that nerve 
is”? Dr. Lawrie here handed round and distributed among the audience several photographs 
of the tracings of the Glasgow Committee’s experiments, and of No. 148 of the Hyderabad 
Commission’s experiments, and pointed out that the tracings of the Glasgow Committee's 
observations A & C are identical with observations 8,9, 11, 15, and 16 in Fick tracings ii & iii, 
which were produced by chloroform and by ether. Dr. Lawrie explained that the Glasgow 
trace could always be reproduced by (a) stimulation of the vagus and by (0) asphyxia ; and he 
further added that it was frequently produced accidentally during the experiments ie 
the Hyderabad Qommission, by the animal holding its breath or struggling (vide 
experiment No. 148 and many others), or by stoppage of the respiration from over- 
dosing with chloroform. 


“In the third phase of the Commission’s labours, it was distinctly proved 
that uniform results can always be obtained with chloroform, provided it is sufficient- 
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ly diluted to allow of regular nomnal breathing throu, 


As long as these conditions are fulfilled, the fall of 
and the heart’s action and the pulse are invariab 
irregularity of the heart or of the 


ghout the whole administration, 
the blood-pressure is regular, 


= en ly regular also. We proved that any 
pulse under chloroform is a in si 
poisoning, either from direct overdosing or from overdosin ae pi uae 
_ eit 2 Ss r i 
gular respiration. Of normal anwesthesia with regular breathi ‘ a einai a 
‘gwar breathing and without poisoning, which ~ 


as to produce, the pulse can 
A we S never be a 
It is only a test of irregular bres my test whatever, 


athing or of overdos it 18, eretore, no less angero 
ig dosing, and it , theref less dangerous 
than useless to take it as a guide 


is, in practice, all the chloroformist h: 


“Such is a very brief outline of the 


- conelnsions and results arrived at by the Hyderabad 
Commission. It would be 


an insult to your common sense to exaggerate them, or to 
pretend that without further amplification they define the whole position with regard to 

a very long way towards doing so, but the old question still 
remains unanswered. That question is, does chloroform affect the heart directly ? This 
question is inextricably mixed up with the cause of the fall of the blood-pressure under 


in order to answer it the cause of this fall must now be determined. If 
chloroform in any way whatever directly weakens the 


chloroform. Undoubtedly they go 


chloroform, and 


heart, it is clear that its administration 
can neyer be free from risk, Clinically I know that it does not weaken the heart, beeanse I or 
anybody else can produce normal anesthesia with chloroform, with regular breathing and 
without overdosing, entirely without risk. This fact, however, will never convert the profession; 
and though I have often been annoyed during the past eighteen months because our resulis 
have been so little acted upon, I now sce that it is unreasonable to expect the profession to 
accept them until the fall of blood-pressure under chloroform is fully and satisfactorily 
accounted for. Last year, I had the honor of an interview with Professors Michael Foster 
and Gaskell at Cambridge, and they examined the tracings of the Hyderabad Commission's 
experiments. Professor Foster looked over them for a long time without saying a word. At 
last he stated his opinion that the one thing brought out by the whole of the tracings is that 
the blood-pressure is lowered by chloroform, as it is by all anmstheties, and that this 
appears to indicate danger to the heart ; but he added, ‘against this we must remember that 
when a poison is introduced into the system, everything that happens afterwards is 
ity in the nature of a safeguard.’ Apart from yagus stimulation, there are 
the blood-pressure : one by weakening the heart, and 





of nec 





two possible ways of loweri ‘ 
the other by yvaso-motor dilatation—dilatation of the small arteries. Tf the lowering 
of the blood-pressure under chloroform were due to direct weakening of the heart, it pee 
that a patient under chloroform would bein a gradually increasing iste pe 
that the fall of blood-pressure would be in itself a danger, an this is oppos . bs 
that there is no danger in normal anesthesia and that there is ee . Bae 
between anmsthesia and syncope. But if the fall is due to relaxation of the ve ; 

dilatation of the small arteries, it must be absolutely 
ght to be a safeguard. If ‘wa 
As consciousness 18 
and then 





system of muscles and consequent ; 

harmless ; and in accordance with Foster's principle it ou ais 

carefully consider the effects of chloroform, we find they are as follow: a 

abolished under chloroform, first the systemic muscles are relaxed and sen Ds 
45 


mae 











. ~ rie respiratory muscles, and during this time the blood-pressure is falling—regularly and 
gradually if the respiration is normal and not interfered with, The relaxation of the systemic 
and respiratory muscles is due to narcosis, or sending to sleep, of the central nervous system 
and not to any direct action of chloroform upon the muscles themselves. After the muscles of 
respiration are relaxed and respiration ceases, the heart can no longer obtain nourishment, 

’ The animal then gradually dies, and the heart stops beating. The next point with regard to 
this most interesting subject is that the work of the heart is not kept going either by a cardiag 
centre in the brain or spinal cord, or by the ganglia in its own substance. At first this may 
sound a little like heresy, but the tendency of modern physiology, and of modern physiologists 
headed by Gaskell, is to show that the heart is a self-acting muscle, and a recent discovery by 
Dr. Arthur Meigs of Pennsylvania gives ground for the belief that this conception is literally 

true. The fibres of ordinary muscle derive their nutrition by absorption from delicate capillary 
blood-vessels which run between them. Dr, Meigs has demonstrated that the muscular fibres of 
the heart have a circulation peculiarly their own. He has shown that in the heart a capillary 
blood-vessel enters into the substance of the muscle fibre, and there can be no doubt that each 
fibre is nourished, and at the same time stimulated to action, by the blood flowing in its interior, 
The muscular fibres of which the heart is composed are, if this view is correct, automatic hearts 
in miniature, and the heart itself is thus a self-acting organ stimulated to rhythmic beating 
throughout the whole of life by the very blood which nourishes it. Dr, Meigs’s discovery 
explains and accounts for the vigour of the circulation in the heart as well as the high state of 
its nutrition. It also shows that each successive beat of the heart is produced by the beat 
immediately preceding it. We have seen that the heart is independent of the central nervous 
system, and there isno more ground for supposing that chloroform acts directly upon its 

muscular tissue than that it acts directly upon any other muscular tissue. It is, therefore, a 

fair inference that the heart can never be directly affected by chloroform. We now come to the 

last link in the chain. Chloroform narcosis affects first the brain, and then the spinal cord. 

The vaso-motor centre is situated in the upper part of the spinal cord, in the medulla oblongata, 

and it must he narcotised like the other nerve centres. The vaso-motor muscles are thus 

relaxed, and the blood-pressure falls. As the relaxation of the vaso-motor system is not vital, 
the full of blood-pressure is harmless,” 


fia Dr. Lawrie now handed round photographs of the tracings of the Hyderabad Commis- 
slon’s experiment No. 178. Ludwig IT and Fick I, and of Experiment No, 186 of March 6th, 1890, 
Ludwig 1, I, 111, and IV. Referring to the Ludwig tracing II of experiment No. 178, he said : 


“In this observation chloroform administration was commenced at 2h. 51m. 40s. The 
blood-pressure fell in the usual way, and at 2h, 54m. 35s. the breathing and heart both stopped. 
A pouting was taken on the Fick manometer, and the complete arrest of the heart’s action for 
over a minute is well shown at Fick 13. ‘This reading is remarkable as showing that the 
blood-pressure had already fallen as low as it could get before the heart stopped, and it did not 
ae es this happened. The fall must, therefore, have been due to vaso-motor 
i ie ated to weakening of the heart. I must now ask you to examine the 

neings of Experiment No. 186 of March 6th, 1890. Ludwig I shows the harmless effect of 
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sudden lowering of the blood-pressure at 2h 17m. 50 
x j 5 + 508. and at 2h. 48m. 5 5 
quite out of chloroform at these times, and it was not even being eae ae sina was 
administration was commenced with plenty of air and regular ude . Raeee 
35s. The gradual and regular fall of blood-pressure is very well fhe ef a 
Mm IS 


abservetion, ‘The breathing stopped at Sh, 24m. 5s, and! alegtroal. (ete eina tian tm 
vagus 


was begun at 2h. 24m, 15s., and continued until 2h. 25m. 10s, The only apparent effect 
iy ect 


of the vagus stimulation was to slow the heart without lowering the blood-pressure, Artificial 
respiration was not employed, and the animal recovered rapidly. : “ 


Ui Indwig IL— In this observation chloroform administration was commenced simul- 
taneously with electrical irritation of the vagus at 2h. 35m. 50s. The blood-pressure fell 
suddenly almost to zero. This was followed by a pause and then two slow beats of the heart. 
The pulse trace then slowly returned, and the pressure gradually rose to a little more than 
half its former height, and then gradually fell again as it does in normal chloroform admin- 
istration, The pulse remained slow. The respiration ceased entirely at 2h. 87m. 15s. The 
vagus irritation, which was begun at 2h. 35m. 50s, was continued until 2h, 39m. 5s., when it 
was stopped, and normal breathing at once recommenced without any further steps being 
taken to revive the animal. In this observation the effect of the vagus irritation was to 
suddenly lower the blood-pressure and to slow the pulse. The stoppage of the respiration is 
to be particularly noted and kept in mind with reference to the next observation in 
Ludwig III. 


“Tn Ludwig III, chloroform inhalation with normal breathing was commenced at 2h, 53m. 
regularly. The breathing stopped at 2h, 55m, 45s., 





85s. The blood-pressure fell gradually anc 
but it was not recorded till 2h. 56m. 0s. in order to make sure that it had quite stopped. 

Electrical irritation of the vagus was commenced at 2h, 56m. 10s, and continued till 2h. 57m. 

25s. Th» blood-pressure fell suddenly and remained low, with slow action of the heart for 

one minute and fifteen seconds. The animal recovered spontaneously without artificial re- 

(If Ladwig IV is now examined, it will be seen that 

the chloroform obse:vation of Ludwig ILL was repeated. When the broathing stopped, 

the animal was left entirely alone and he died.) ‘The question that arises about the 

animal’s recovery in the experiment recorded in Ludwig IIL is, what was the 

It must be noted that the vagus was not divided, The visible 
of the entire yagus was to lower the blood-pressure which 
was already dangerously (?) low, and slow the pulse. Tt might be eee ei a 
irritation ofthe uncut yagus stimulated the respiratory pentre, and . vs ee eet 
life. But if this might be said about Ludwig II, it sale rags Ba a ae 
Ludwig II that the irritation of the vagus at ah, Bm. BOs, ae ee i s Bie 
the respiration, which would be absurd, as the irritation * ae be ME ee, 
or save life, by stopping the respiration in one case and ae tu der eee 
the blood-pressure were dangerous and due to NS of iby Ai tue oa exten 
lation of the vagus at 2h, 56m. 10s., when the animal’s eee x ee See 
was already perilously (?) low, was the very worst and most dang} ! 


spiration or any other treatment. 


recovery due to ? 
effect of the irritation 


























Cul 4 ke 
P ee 

oe . have adopted, as it at once caused a further fall of the blood-pressure, and kept it down nearl: 
to zero for considerably over a minute, So far from being a dangerous procedure, useaeee 
it sayed the dog’s life ; and this fact alone is sufficient to upset the hitherto accepted beliet 
that general lowering of the blood-pressure is dangerous, or that it is due in chloroformisation 
to weakening of the heart. The last point to notice with reference to Ludwig tracing ITT js 
that it is evident that the pulse beats increased in force from the time chloroform was adhe 
istered at 2h, 58m, 35s, till the commencement of the artificial fall of the blood-pre 
2h. 56m, 10s., and that at the end of this fall at 2h. 57m, 25s, 
pretty large, and that as the animal’s pressure rose during recovery it gr: 


Ssure at 
the pulse tr 





ing was at first 
ually got smaller 
and smaller, If the lowering of the blood-pressure were due to weakening of the heart the 





reyerse of this ought to have occurred, the pulse ought to have become smaller and smaller 
up to the stop, and afterwards begun by being very small and gradually increased in size as the 
animal recovered, 


“Finally, with reference to the fall of the blood-pressure in all the tracings exhibited this 
eyening, itis to be observed that the sudden (unexpected and capricious) falls, which the 
Glasgow Committee considered exceptionally dangerous, did not actually prove to he go in their 
experiments (their animals did not die) ; and have been demonstrated in ours to be a safi 





guard, 
Ifthe sudden falls are a safeguard, a fortior’ the gradual falls, which occur in normal chloroform 
administration, are a safeguard also, 


“We haye now the proof, why normal chloroform anmsthesia is free from danger, 
Tt is because chloroform never, under any circumstances, directly affects the heat 
and that the fall of blood-pressure is due to yaso-motor dilatation, and, so far from being 
a risk,is in all cases, if not harmless, a safeguard, I haye only one word to add in 
conclusion. If you examine the tracings you will see what splendid work was done by Dr. 
Bomford for the Commission, Hach tracing is a work of art ; but each one was completed by 
Dr, Bomford, and everything that occurred was written on it as tho drum revolved at the 
time of the experiment. Nothing was added to any one of them after the experiment was over, 
so that nothing was trusted to amy one’smemory. In the second place, Dr. Bomford discovered 
the safeguard action of the vagus nerve, and this proved to be the key to the safe adminis- 
fration of chloroform. In everything I have written since the Commission ended the physiology 
is a reproduction of Dr, Bomford’s views, generally in his own words ; and I feel proud to think 
that work so permanent and lasting as that of the Hyderabad Chloroform Commission was 
carried to a successful conclusion mainly through the instrumentality of a member of that 
Service to which I and so many of my hearers haye the honour and the happiness to 
belong—the Indian Medical Service,” (Loud applause.) 





er Dr Wellington Gray then said he had been for a long time connected with the J. J. 
Hospital, and had seen many more than 10,000 administrations of chloroform. Since the 
sitting of the Chloroform Commission he had watched the administrations of chloroform with 


increase i , 
ed care and interest. No doubt there was much to be discoyered, and much to be 








3857 ; 


inquired into yet, but, from his own clinical experience, he believed the 


of the Hyderabad Commission were not far from the truth, Views and conclusions 


Dr. ‘Arnott said he was glad to find the vj f 
as gla le views of Dr, Lawrie we : 

been taught by Professor Lister twenty-five years ago ; in that Sir Tet eae ae 
Sir Jos ster Insisté 1a 

he chloroform, and that the 

| a closed cone, closely applied over 

a safe method of administration ; but that some 

amount which Dr, Lawrie had quoted, id whi 

he thought, was about the amount quoted by Professor Lister some twee te Bie, cae 

had no doubt that the administration of diluted chloroform was as safe as th ee 

had said. ; 


great safeguard in the giving of chloroform was the dilution of t 
giving of the chloroform in a concentrated form, such as 
the nose and mouth of the patient, was not 
method of dilution must be adopted to the 


Dr. Hatch next explained his experiences in chloroform administration, During ten 
or twelve years he had only known of two deaths, and one of those he had some doubts about 
before administering, In these cases the chloroform was administered with the closed cone, 
which it was not necessary to place close to the nose. 


Dr. Blaney said he had been Coroner of Bombay for fifteen years, and every death that 
had been reported as having occurred from chloroform or from any other anesthetic, had been 
inquired into by him, as it was his duty to do, but he said it was to the credit of the medical 
profession of Bombay that they stood behind no other city he knew of in the successful 
administration of chloroform. Those reports he had received of deaths from chloroform, he did 
not consider worth the paper they had been written on. Chloroform, during the time he had 
been Coroner, must haye been administered in Bombay many thousands of times, but 
there were only two deaths during that time which really resulted from chloroform or 


anesthetics. 


Some other gentlemen reported their experiences, saying they had had no deaths from 


chloroform, and expressing the opinion that there was no danger from chloroform if properly 


administered and diluted. At the same time it was necessary, some thought, to watch the 


pulse as well as the respiration. 


ssion he used to watch the respiration for signs 
ce the session of the Commission he did not 
being kept absolutely regular throughout the 
halation and normal anesthesia. 


Dr. Lawrie said that before the Commi 
whereby danger might be arrested, but that sin 
merely watch the respiration, but insisted on its 


whole administration so as to produco normal in 


‘oposed a hearty vote of thanks to Dr. Lawrie for coming 


oy -Gener: inkerton pr 3 
Burgeca Gone eed nd to H, H. the Nizam for affording the means of 


there and delivering that lecture ;@ 
research, 


The motion was heartily responded to, and the meeting separated. 











PART IX.—CLINICAL RESULTS. 


[By rag PRESIDENT.) 


The system of note-taking in chloroform administration, now in force in 
the Afzulgunj Hospital, has been developed very gradually since the comple- 
tion of the experiments of the Commission. In the first 272 cages in which 
an accurate record of chloroformisation was kept, the notes were taken by 
students, The average time to produce anesthesia in these cases, which 
inelude children and adults, was 3m. 44s. In 82:9 per cent, abolition of the 
corneal reflex, in 16'8 per cent. stertorous breathing, and in one case complete 
relaxation of the muscles was the first sign of full anwsthesia. There was no 
instance of respiratory embarrassment or of accident or delay of any kind due 
to over-dosing, and the patient was never allowed to inhale the anesthetic 
while the breathing was in any way irregular, 


From Case No, 278 the notes were taken by the surgeon, The system of 
administration and note-taking was improved by the adoption of suggestions 
made by two of the most distinguished surgeons in Hurope during the discussion 
on anesthetics in Glasgow. Sir George Macleod stated that in all his public 
operations he administers chloroform himself until full anesthesia is produe- 
ed, Dr, William MacEwen said that during chloroform inhalation every one of 
the patient's respirations should he registered on the chloroformist’s tympanum, 
Effect was given to both these principles, Sir George Macleod’s method has 
been practically followed by the surgeon himself taking notes of every case 
of chloroform administration in the presence of the clinical class, while the 
administration has been entrusted to students as before. In this way the 
responsibility for the whole case rests with the surgeon as it always ought to 
rest, unless we are to go back to the days of barber surgery when the surgeon 
simply did as he was told ; at the same time the students, without exception, 
have the opportunity of becoming skilful and safe chloroformists, Throughout 
the inhalation the chloroformist carries out Dr. MacEwen’s rule to the letter and 
every one present is kept informed of the rate of the patient’s respirations by 


an assistant who stands near the chloroformist and taps the table after every 
completed breath the patient takes, 
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The administration of chloroform in the 
condueted in the following manner. When all 
the surgeon gives the signal to begin the inhalatio 
tration is ee on page 286. While it is pr 
anything in the operating room, not eal f 
f i ash . Bsns eak, and everybody’s attention 
is thus concentrated on the administration until the patient is fully ay 

: atie nees- 
thetised. From the moment the iz ion is i ia i 

eee nhalation is commenced until anmsthesia is 

produced, the surgeon records every event, even of the most trivial kind, with 
the exact time of its occurrence, This isin etrict oanf...: i 

He 2 This is in strict conformity with Dr, Bomlord’s 

plan of recording on the tracings everything, as it took place, during the 

. a . < . i 

manometer experiments of the Commission, Each entry is notified to the 

class as the surgeon records it, and after the operation is finished, and the 

: + 
patient has been remoyed, one of the students is made to describe from 
memory what happened during the inhalation. His description is compared 
with the record, and finally, the record is read out to the class, 


Afzulgunj Hospital is now 
1s ready for the operation 
n. The method of adminis- 


oceeding no one is allowed to do 
even spi 


In the cases detailed it will be remarked that the respiratory pauses, 
which are sometimes referred to as “ apnoea” and sometimes as “ holding 
breath,” were systematically followed by one breath of pure air, This 
requires a word of explanation, During chloroform administration the patient 
usually holds his breath from apnoea, or owing to over-concentration of the 
vapour, or from increasing narcosis of the respiratory centre. Holding the 
breath from apnoea, which occurs in the early stages of the inhalation, is 
generally due to rapid breathing, and when the patient begins to breathe again he 
does so quietly and without gasping. Holding the breath from over-cuncentra- 
tion of the vapour of chloroform or from sluggishness of the respiratory 
centre, though a natural safeguard, leads to asphyxia, and when the patient is 
compelled to breathe again he gasps, It is not always possible to determine 
the cause of holding the breath; but it is evident that as the patient can 
take in no chloroform as long as he is not breathing, it does not waste 
time to remoye the chloroform cap from his face until he breathes again, 
When the patient does breathe again, however, it makes all the difference in 
the world whether the chloroform cap is over his face or not, If it is, and he 
gasps, an over-dose may be taken in or still further eer fee 
respiration may be produced ; in either case the result is po. i fe = 
But ifthe first inspiration after holding the breath, or after any al vate y 
the breathing, consists of a breath of pure air, all danger 1s avoided. orma 

Weitiatas j al respiration alone is compatible with normal 
respiration is restored ; and normal respira 





inhalation and normal anesthesia. 
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Cases of chloroform administration at the Afzwlgunjy Hospital, 
August 22nd, 1891.—No, 273. 


Temperature of operating room 73°7° F. Healthy Mahomedan male aetat 
29, Disease—hydrocele. Operation—excision of sac. Chloroformed by student 
Krishtiah at 8h, 13m, 30s. Anesthesia complete at 8h. 17m. 45s. ; Operation 
commenced at 8h. 18m, Os. ; finished and patient removed from table at Sh, 
44m, 80s, Retched and brought up a little frothy mucus at 8h, 41m, 55s, 

Observations. 
i. MM. 
A, 30,—Chloroform on cap ; patient blowing hard. 
B. 8 14 20,—Apnoea ; cap entirely removed till 8h, 14m, 43s, ; 
one breath fresh air, 


C. 8 14 45.—Chloroform ; regular breathing, 

D, 8 16 10.—Struggling ; regular breathing. Struggling con- 
tinued fill 8h, 16m. 50s. when one breath of 
fresh air was given, and the struggling ceased, 

K, 8 17 0.—Snoring ; at 8h. 17m. 30s. the snoring was accom- 
panied by noisy expiration, 

F, li 45,—Breathing stertorous ; stop chloroform. 


8 

8 17 55.—Cornea insensitive, 
H. 8 18 
Te 8 


—Operation commenced. 


0. 
44 30.—Operation completed. 


In this and in all subsequent cases, unless it is expressly stated to the 
contrary, the anesthesia was continued until the completion of the operation and 
the application of the dressings, in the usual way, by giving chloroform from 
time to time, 


August 22nd, 1891.—-No, 274, 


Temperature of room 76:3°F, Shurfan Bee (female infant), «tat 1 year, 
Disease—abscess, Operation—incision,  Chloroformed by student Miss 
Williams at 9h. 3m. 0s. Anesthesia complete at 9h, 4m, 10s. Chloroform 
stopped and operation finished at 9h, 7m, 15s. 


a 


861 


Observations, 
HM. 8, 


A. 9 3  0.—Chloroform on cap 
ing regular, 


; crying and stngeling + breath. 
BY 


4 10,—Cornea insensitive ; kept under chloroform till the 


! a8 applied, and the child was removed 
from the table at 9h, 7m, 1és, 
August 22nd, 1891,—No. 275. 


Temperature of room 76-3° F, Male Mahomedan child, Mahomed Sahib 
etat. 1 year. Disease—wound, Explored under chloroform and aunnedt 
Chloroformed by student Miss Williams at 9h. 12m, 55s. Under at 9h. 13m, 
40s, Administration stopped and operation finished at 9h, 18m, 5s, 


dressing w 


Observations, 


ai ei ES 

A, 9 12 55,—Chloroform on cap ; crying and struggling ; breath- 
ing regular. 

B, 9 13 10.—Holding breath ; chloroform cap removed, 

C. 9 18 20.—Gasped fresh air ; chloroform again. 

D. 9 13 30,—Regular breathing. 


E, 9 13 40,—Cornea insensitive ; kept under chloroform till 9h, 
18m, 5s. 
August 24th, 1891,—No. 276. 

Temperature of room 73'1° F, Well-nourished Hindoo male, Krishna 
Row, wtat, 44. Disease—leprosy. Operation—nerve splitting and cleaning. 
Chloroformed by student Krishtiah at 7h, 40m, 0s. Full anesthesia at 7h, 
45m, 10s, Chloroform stopped at Sh, 8m. 5s. 


Observations, 
HM. 8 
A, 7 40  0,—Chloroform on cap ; blowing gently, 
B, 7 42 30,—While more chloroform was being poured into the 
cap the patient took three breaths of pure air, 
C. 7 43 30.—Noisy expiration. 
D. 7 44 15.—Breathing irregular ; one breath of pure air. 
E. 7 45 0,—Snoring. 
F, 7 45 10.—Stertorous breathing ; chloroform stopped. Kept 


under till the operation was finished at 8h, 8m, 5s, 


46 











362 
August 24th, 1891.—No, 277. 


Temperature of room 73'1° F, Weakly Mahomedan male, Shaik J amal, 
tat. 30, Disease—abscess, Operation—incision. Chloroformed by student 
Krishtiah at 8h. 13m. 50s, Full anesthesia at 8h, 18m, 50s, Administration 
stopped at 8h, 24m, 30s, 


Observations. 
HM fs. 


A. 8 18 15.—Chloroform on cap ; blowing very rapidly into the 
cap, 68 times a minute, 


B. 8 15 0.—Cap close to face, 

G. 8 15 10,—Breathing irregular ; one breath of fresh air, 

D. 8 16 0,—Regular breathing, 24 respirations a minute, 

E. 8 17 10,—Snoring. 

F, 8 17 30.—Two breaths of fresh air while more chloroform 
was added, 

G, 8 18 45.—Noisy expiration. 


H. 8 18 50,—Cornea insensitive ; chloroform stopped. Adminis- 
tration afterwards continued till 8h, 24m. 30s, 


August 24th, 1891,—No, 278. 


Temperature of room 73°1° F, Healthy Hindoo male, Ramiah, «tat. 20. 
Disease—needle in the buttock, Operation—excision. Chloroformed by 
student Krishtiah at 8h. 31m, 50s. Full anesthesia at 8h. 36m. 5s. Adminis- 
tration stopped at 8h, 40m, 0s. 


Observations. 
H, M. 8. 


A. 8 31 15,—Chloroform on cap; blowing rapidly 52 times a 
minute. 


B. 8 31 50,—Talking, 

C. 8 32 5,—Cap close to the face. 
D. 8 82 10,—Apneea ; cap removed, 
EK, 8 


32 20.—One breath of fresh air. Cap re-applied, Regular 
breathing 24 times a minute, 
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F. 8 33 10.—More chloroform on cap; took two breaths of 
fresh air, 


3. 8 34 0.—Moying legs and arms, 


15.—Holding breath and struggling ; 


cap removed. 
45.—Gasped fresh air ; cap re-applied ; tegular breath- 
ing. 


— 
on 
oo 
ss 


J. 8 34 50.—Dalking. 
K. 8 35 10,—Noisy expiration, 
Ib, teh Be 


5,—Cornea insensitive ; chloroform stopped. Admin- 
istration afterwards continued till 8h, 40m, 0s, 


August 24th, 1891,—No, 279, 


‘lemperature of room 73'1° F, Healthy Hindoo male, Kissensingh, etat, 40, 
Disease—necrosis of the lower jaw, Operation—remoyal of dead bone, Chloro- 
formed by student Krishtiah at 8h. 52m, 0s. Full anesthesia at 8h. 59m, 55s, ; 
the administration was slow on account of bleeding into the mouth, (A probe 
had been introduced into the sinus before the operation was decided on,) 


Observations. 
H;. “Mise 
52 0.—Chloroform on cap ; blowing regularly. 
53 5.—Cap brought close to face. 
54 30,—More chloroform ; two breaths of fresh air, 
40.—Noisy expiration. 
56 20,—Coughing violently ; one breath of fresh air, 


oO 

02 6 CO & OC o 
ox 
ox 


57 20,—More chloroform on cap ; two breaths of fresh 

air. 
G. 8 59 55.—Cornea insensitive ; administration continued till 
9h, 4m. 55s, 


August 24th, 1891.—No. 280. 


Temperature of room 86°5° F. Healthy Bake mah 2 ae 
Disease—Ovarian cysis, Operation—double ieee Full anes- 
Residency Hospital at 1h, Om. Os. by student Miss finished at 1h, 50m, 03. 
thesia at 1h. 4m, 30s, Continued until the operation was nmi 


‘aneyiva ONE aves Sve 
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Observations, A 
; oe | 8 gust 25th, 1891—No, 989, 
: A, 1 6 0.—Chloroform on cap ; blowing regularly 36 times pecipetaine af nO al Healthy Mahomedan Mahi 
- minute. wiat. 56. Disease—stricture of the urethra and perineal abies : One 
‘peration— 


incision, and dilatati seri ec 
incision, tion of the stricture with Holt’s ditnecy 


8h, 12m, 40s. by student Krishtiah, Full anesthe Chloroformed at 


B. 1 0 40.—Cap close to face. 
sia 8h, 16m, 45s, Anesthesia 





(Che al 55.—Noisy expiration ; $2 respirations a minute. continued till the operation was finished at 8h. 37m, 5s 
Die 25.—Took three breaths of pure air while chloroform ; pe 
was added to the cap. | Observations, 
EL 2 0,—Holding breath ; cap entirely removed, eaenacee 
F, 1 2 15,—Gasped pure air ; chloroform again. A, 8 12 45.—Chloroform on cap ; blowing rapidly. 
G. 1 2 40.—Holding breath, cap entirely removed. B. 8 13 0.—Coughing. 
H, 1 2 55,—Gasped pure air ; chloroform again. 4 ; a as olding bape pap removed till 8h, 14m, 29s, 
j I 1 38 40.—Talking ; regular breathing. ‘a “ are ee again ; regular 
J. 1 3 50,—Regular breathing 24 times a minute. 1B ty de aiteem 8h, 15m, 15s, ; re i 
K. 1 4 380.—Cornea insensitive ; stop chloroform. Continued F 8 15 ee Taha » 198. ; tegular breathing, 
afterwards until the operation was finished at ; a4 era = 
th. 59m. 0s. x 8 15 20,—One breath of fresh air ; regular breathing, 
, i H. 8 16 30.—Stertorous breathing ; chloroform stopped, 
August 25th, 1891.—No. 281, I. 8 16 45,—Cornca insensitive ; kept under afterwards until the 
Temperature of room 74:2° IF’, Healthy European boy, F.C. Harding, etat. operation was finished at 8h, 37m. 5s, 
13. Disease—abscess of the neck, Operation—incision, Chloroformed by | August 25th, 1891,—No, 288, 


student Abdullah Khan at 7h. 55m, 10s, Anesthesia complete at 7h, 59m, 55s. ; 
administration stopped at 8h, 10m. 30s. 





Temperature of room 784° F, Healthy Native Christian, Francis, stat. 51. 
Disease—stricture of the urethra and extravasation of urine. Operation—peri- 





Observations. i ee = Lee so 
, an pee neal section and incisions, Chloroformed by student Krishtiah at 8h. 54m, 30s. 
hae ; Full anesthesia at 8h. 59m. 15s. ; administration stopped at 9h. 3m. 40s. 
; A. 7 55 10,—Chloroform on cap ; blowing gently and crying. i : PI 
B. 7 56 20.—Cap brought close to the face, Observations. 
C. 7 56 45,—Calling out, ee 
D. 7 57 45,—Took two breaths of fresh air while more chloro- A, 8 54 30,—Chloroform on cap; blowing gently. 
form was added to the cap. B. 8 55 15.—Cap brought close to the face. 
BK. 7 58 0—Regular breathing. C. 8 55 30.—Moaning. 
F, 7 59 35,—Snoring : D. 8 55 45.—Slight struggling ; regular breathing. 
—t 2. : 2 
F —Moving ds and arms. 
G. 7 59 55.—Cornea insensitive ; iilnaal auatioerardarke nia E. 8 56 10.—Moving hanc 
eo rity akerthesio,afiarwards kopt-ae F, 8 56 30,—Breathing irregular ; one breath of fresh air, 


till 8h. 10m, 30s, 
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a. 
50.—Breathing irregular again ; one breath of fresh aiy. 
30.—More chloroform poured into cap ; took two breaths 
of fresh air. 
30.—Talking. 
0.—Rapid regular breathing. 





50.—Cornea insensitive ; administration afterwards con- 
tinued till 9h. 3m. 40s. 
August 25th, 1891,—No. 284. 


Temperature of room 784° F. Weakly ill-nourished child, stat, 1 year, 
Mahomed Saheb. Disease—abscess. Operation—incision. Chloroformed by 
sedent Ismail Khan at 9h. 54m. 0s. Anesthesia complete at 9h, 55m, 45s, 
Administration stopped at 10h. 1m, 30s, 


Observations. 


H M.S 
A. 9 54 0.—Chloroform on cap ; regular breathing. 
B. 9 54 30.—Two breaths of fresh air given without any parti- 
cular reason. 
C. 9 55 0.—Regular breathing, 32 a minute, 
D. 9 55 45,—Cornea insensitive ; cap removed, Administration 


continued till 10h, Im. 30s, 
August 26th, 1891.—No, 285. 


Temperature of room 747° F, Healthy Hindoo female, Rungoo, etat. 30, 
Disease—whitlow. Operation—incision and removal of necrosed phalanx. 
Chloroformed by student Miss Williams at 8h, 20m, 0s. Full anesthesia at 
8h, 24m. 15s. Administration ended at 8h, 26m, 55s. The breathing became 
stertorous fifteen seconds after the chloroform was stopped when the cornea 
became insensitive. 

Observations, 
HM, 8. 
A, 8 20 0.—Resisting and breathing irregularly ; struggled 
violently and cried till 8h, 20m, 50s, 
B. 8 21 10,—Gasping noisy inspirations, 
©. 8 21 15.—One breath of pure air. 


) 





"Os, ae 
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D. 8 21 20.—Regular breathing, 
BK. 8 22 80,—Moaning, 

F, 8 23) 0.—Dalking incoherently, 
G. 8 24 15,.—Cornea insensitive ; chloroform stopped 
H. 8 24 25.—Snoring, i 


T, 8 24 80.—Stertorous breathing ; the anmsthesia was taintained 


until the operation was finished at 8h. 26m. 558 


This case is an example of residual chloroform 
the anesthesia after removal of the chloroform from the 
of the inhalation. 


in the lungs deepening 
face and discontinuance 
i \ hat happens in these cases is shown in many of the 
experiments of the Commission, and is especially well marked in No, 64 on the 
Ludwig tracings, just after Fick readings 11 and 17, (Vide Experiment No, 64 
page 53.) "4 


August 26th, 1891.—No. 286. 


Temperature of room 74°7° F, Sickly Mahomedan male, Umar Khan, mtat, 
33, Disease—sinus. Operation—incision, Chloroformed at the Afzulgunj Hos- 
pital by student Krishtiah at 8h, 30m, 45s, Anmsthesia complete at 8h, 86m, 
30s. Continued till 8h. 41m. 55s. 


Observations. 
HM OB 
A, 8 30 45,—Chloroform on cap; gently blowing, 24 times a 
minute, 
B. 8 32 15,—Cap close to the face ; struggled. Regular breathing, 


CG. 8 32 50.—Breathing irregular ; one breath of fresh air ; 
regular breathing. 


D. 8 33 
E. 8 33 


15.—Moying left arm. 

50,.—While more chloroform was being added, took 
two breaths of pure air, 

F. 8 34 30,—Regular breathing, 24 times per minute, 

CG. 8 35 20,—Moaning ; noisy expiration. While more chloroform 
was being added took two breaths of pure air. 

30,—Cornea insensitive; snoring ; cap removed; adminis- — 
tration continued afterwards until 8h. 41m, 5s. 


| 
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In this case after the patient had been removed one of the most intelligent 
students was made to describe from memory what had happened during the 
administration. He could only recall very imperfectly and inaccurately what 
he had seen a few minutes before. For example, he was under the impression 
that full anesthesia had been produced in four minutes instead of six. The 
experiment was repeated in every case subsequently, with the result that, 
though the by-standers were always warned to pay particular attention with 
a view to giving evidence afterwards, in no single instance could the witness 
give anything like an accurate description of what oceurred during the admi- 
nistration of the anesthetic. The fact that it is extraordinarily difficult to 
remember precisely what takes place when every thing is normal during an 
administration, shows how entirely unreliable and worthless statements made 
from memory by “ the competent witnesses who have recorded human deaths 
under anesthesia”® must be, when they are obscured by the shock of a patient 
dying, and by the excitement of frantic efforts to restore animation. 


August 26th, 1891.—No, 287. 

Temperature of room 77°7° F, 
Disease—abscess. 
pital by student Krishtiah at 8h. 58m, 10s, 


Continued until 9h, 8m, 35s, 


oa 


Sickly Hindoo male, Gowkari, xtat. 22. 
Operation—incision, Chloroformed at the Afzulgunj Hos- 


Full anesthesia at 9h. 5m. 55s, 


Observations. 
MyM. Bs 
10,—Chloroform on cap: blowing gently, 32 times a 


minute. 


B. 8 59 20,—Cap brought close to face. 

C. 9 O 10.—Holding breath ; cap entirely removed. 

D. 9 0 380.—Gasped pure air ; cap re-applied, 

E, 9 1 0,—Regular breathing, 24 a minute, 

F. 9 1 20,—While more chloroform was being poured on cap 
took two breaths of fresh air, 

G, 9 2 45—Regular breathing, 24 a minute, 


ff. 9 8 20,—While more chloroform was being added, took three 
breaths of fresh air, 


I) 25.—Noisy expiration. 
J. 9 3 45.—Raising arms. 





* Vide Professor Wood's Address on Anzsthesia—page 263. : 
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Dees Vie 
Kean Oaer a 30.—Irreenlar breathing ; one breath of fresh air 
The 5 0.—Strugeling, Regular breathing, 
M, 5 15.—Talking incoherently, 
N. 9 5 : 


z : Hi 
55.—Cornea insensitive ; chlorofor 


, m stopped ; < 
afterwards till 9h, 35m, 0s u ees 


August 27th 1891—No, 288. 
Temperature of room 74:5° F, 
Bee, wtat. 30. Disease—abscess, 
Afzulgunj Hospital by stude 
8h. 34m. 30s. 


: Delicate Mahomedan female, Hoogsain 
Operation—incision, Chloroformed at the 


nt Krishtiah at 8h. 25m, Os, Full anesthesi 
Continued until 8h. 38m, 50s. es 


Observations, 
H. M. 8, 


0.—Chlorofrom on cap ; breathing regularly, 32 times 
a minute. 


B. 8 26 0,—Cap brought close to face. 
C. 8 27 0.—One breath of fresh air, 
D, 8 28 10,—While more chloroform was being added, took two 
breaths of pure air, 
KE, 8 28 30,—Breathing regular, 32 a minute, 
F. 8 81 10,—Holding breath ; cap entirely removed. 
G, § 81 20,—Gasped fresh air; regular breathing. 
H, 8 81 50,—Snoring ; while more chloroform was being added 
took one breath of fresh air, 
I 33 35.—Noisy expiration, 
J 34 30.—Cornea insensitive ; stopped chloroform ; continued 


afterwards until the operation was finished at 
Sh. 38m, 50s. 


August 27th, 1891—No. 289. 


‘Temperature of room 74'5° F. Healthy Hindoo boy, Juita Shunker, xtat. 
14, Disease—clefs ear, Operation—plastie operation. Chloroformed at the 
Afzulgunj Hospital by student Krishtiah at 8h. 50m. 30s. Anesthesia 


complete at 8h. 57m, 15s. ; continued until 9h, 1m, 30s. 
47 
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Observations. 


H, M. 


mm 


A. 8 50 30,—Chloroform on cap ; regular breathing, 34 ina minute, 

B, 1 51 30.—Cap brought close to face ; regular breathing, 24 in 
a minute, 4 

CG. 8 52 40,—While more chloroform was being added, took two 

breaths of pure air. 


D. 8 53 5,—Moved left leg. 

E, 8 54 0,—While more chloroform was being poured on cap, 
took three breaths of pure air. 

F, 8 54 10.—Retching. 

G. 8 54 45.—Vomiting food ; cap removed. 


8 55 25.—Chloroformed again. 
8 55 35.—Struggling ; one breath of pure air. 


8 56 0.—Regular respirations, 28 in a minute, 
fo) ’ 


sae 


K, 8 57 15.—Cornea insensitive ; stopped chloroform ; continued 
afterwards until the operation was finished at 


9h. Im. 30s. 
August 27th, 1891.—No, 290. 
Temperature of room 78°3° F, Weakly Hindoo male, Nanuklan, «tat. 30. 


Chloroformed by student Krishtiah 
The breathing became 


Disease—cystitis. Operation—catheterism. 
at 9h. 14m. 50s. Full anesthesia at 9h. 18m, 15s. 
stertorous 45 seconds after the chloroform cap had been removed, and the 
inhalation had been discontinued on account of the cornea being insensitive. 
Vomited a small quantity of mucus and bile at 9h, 24m, 0s. Before the 
administration was commenced the patient was in great terror of having @ 
catheter passed and resisted violently before chloroform was given. 


Observations. 


mM Ss 
A. 9 14 50,—Chloroform on cap; blowing noisily through the 
closed lips. 
B, 916 0.—Noisy expiration. 


a 
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HM. 8 


C. 9 16 15.—Cap close to face, 
oe : . oe breath. Cap removed 
i.  10.—One breath of fresh air, Ohl i 

F, 9 17 30,—Noisy expiration, i 
x. 9 18 15,—Cornea insensitive ; chlorofor 
H, 919 0,—Breathing stertorous, 


after 9h, 18m, 15s, 


™m stopped, 
No chloroform was administered 


This is another example of anaesthesia deepening after stoppage of th 
e 


administration owing to the absorpti ; 
absorption of residual chlor ql 
rs ‘ f orof 
(Vide Experiment No. 64, page 53) orm in the lungs, 


August 27th, 1891.—No, 291, 


Temperature of room 78'3° F, Weakly Mahomedan male, Syed Jalaluddin 
wtat, 28. Disease—abscess, Operation—incision, Ohloroformed b sudan 
Mahomed Abdul Ganni at 10h, Im, 40s, Full anesthesia at 10h, Tm, 50: 
Administration stopped 10h, 12m. 15s. ae 


Observations. 


MI Eh, 

A. 10 1 50,—Chloroform on cap ; regular breathing, 36 a minute, 

B. 10 2 45,—Cap close to the face, slight struggle, not breathing 
regularly. 

Cc. 10 

D, 10 5 25,—Noisy expiration, 

E. 10 5 30.—Took two breaths of fresh air, while more chloroform 
was poured on to the cap. 


4 0,—Regular breathing, 24 per minute, ‘ 


rt 


F, 10 

G. 10 5 55.—Snoring. 

H, 10 6 0,—Cap removed, chloroformist unnecessarily alarmed 
about the breathing which was quite regular, 


15,—Administration continued ; regular breathing. 


45,—Noisy expiration, 


a) 

J. 10 7 25,—Snoring. 

< 10 9 30,—Cornea insensitive ; administration afterwards con- 
tinued till 10h, 12m, 15s, 


a 


a 
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August 28th, 1891,—No, 292. 


Temperature of room 74:29 F, Unhealthy feverish Hindoo, Ramiah, stat, 
30, Disease—suppurating hydrocele. Operation—incision. Chloroformed at the 
Afzuleunj Hospital by student Krishtiah at Sh, 33m, 50s, Ansesthesia complete 
at 8h, 89m, 30s. ; continued until 8h. 43m, 50s. 


Observations. 
HM. 
A. 8 33 50,—Chloroform on cap ; rapid blowing, 44 a minute, 
B. 8 34 50,—Cap brought close to the face. 
C, 8 385 0.—Apncea ; cap entirely removed. 
D, 8 85 20.—One breath of fresh air; regular breathing. Chloro- 


form again, 
E, 8 36 40,—While more chloroform was being added took three 
breaths of fresh air, 
F, 8 37 20.—Regular rapid breathing, 40 a minute. 
G. 8 37 40.—Struggling ; regular breathing. 
H. 8 37 50,—One breath of fresh air ; stopped struggling. 
JT, 8 38 30,—While more chloroform was added took five breaths of 
fresh air, 
J. 8 39 
K, 8 39 20,—Stertorous breathing, Chloroform stopped, Continued 
afterwards till 8h, 43m, 50s, Vomited bile, Tem- 
perature 102° F, in the mouth before the operation. 
August 28th, 1891.—No, 293. 
Temperature of room 74°2° F. Very weak and emaciated Mahomedan 
male, Mahomed Bekan Khan, stat. 76. Disease—senile gangreen of the foot. 
Operation—partial amputation. Chloroformed at the Hospital 
by student Krishtiah at 9h, 0m. 0s, Anzsthesia complete at 9h, 4m, 30s, ; con- 
tinued until 9h. 8m. 30s, 


0.—Noisy expiration and struggling. 


Afzulgunj 


Observations, 
H M &. 
A. 9 0 0,—Chloroform on cap, 
B. 9 0 40.—Rapid respirations, 40 a minute. 
C, 9 1 5.—While more chloroform was being poured into the 


cap took 2 breaths of pure air. 


aed 


H. M 
Deke O Maal 
hier Oleaee) 
Bye Once e 
G 9 4 


Temperature of 
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8. 
35.—Struggling, One breath of fresh air, 
35.—Talking, 


5.—While more chloroform was being poured on to the 
cap, took two breaths of fresh air, 


30,—Stertorous breathing, Chloroform was afterwards 


continued until the operation was 
) atio 8 completed 
9h, 8m, 80s, a 


August 28th, 1891—No, 294, 


room 787° F, Weakly Hindoo male, Avayah, etat, 30, 


Disease—abscess. Operation—incision, Chloroformed at the Afzulgunj Hos- 
pital by student Krishtiah at 9h. 18m, 0s, Anesthesia complete at 9h, 25m, 20s.. 
and continued until 9h, 29m, 15s. 


H. M 
Neat) 31} 
Wo}, 8) lt’) 
( OF sg 
Dis 19} 2 D8 
Eh: 9 20 
E. 9) 2 
G. 9 21 
EE. 9° 22 

i 9 93 
Ng 928 
RE Oi 
Tiveald == tee 


Observations, 
0,—Chloroform on cap ; respirations 28 per minute, 
10,—Cap brought close to the face, 
25,—Regular breathing, 86 per minute. 
35,—While more chloroform was being poured into the 
cap, two breaths of pure air were taken, 
35,—Regular breathing, 17 per minute. 
10.—Raising his legs, One breath of fresh air, 
40.-—While more chloroform was being poured into the 
cap, two breaths of pure air were taken. 
20,—Struggling ; regular breathing. 
25,—While more chloroform was being poured into the 
cap, three breaths of pure air were taken, 
0,—Moaning. 
0,—Snoring. 
Sand itive. S 
90,—Cornea insensitive. ftopp 
tration was afterwards 


ed chloroform, The adminis- 
continued until 9h, 29m. 16s. 
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August 28th, 1891.—No. 295. 


Temperature of room 78°7° F, Young healthy Mahomedan male, Hussain 
Khan, tat, 30. Disease—abscess. Operation—incision, Chloroformed at the 
Afpulgunj Hospital by Lady Superintendent Miss E, A. Lawrie at 9h, 44m, Os, 
Anesthesia complete at 9h. 47m, 55s. Contintied until 9h, 50m, 30s, 


Observations. 
HM) Bs 
A, 9 44 0,—Chloroform on cap ; blowing quickly, 30 times a minute, 


B, 9 46 0,—While more chloroform was being poured into the cap, 
took three breaths of pure air. 


9 46 45.—Regular breathing, 24 a minute, 
9 47 5—Snoring. 


O 

D, 

E, 9 47 30.—Deep snoring. 

F. 9 47 50,—Stertor ; stopped chloroform. 
G. 


. 9 48 0,—Cornea insensitive, Administration was kept up until 
9h, 50m, 30s, 


August 29th, 1891.—No. 296. 


Temperature of room 74*2° F, Strumous Mahomedan child, Morad Sahib, 
stat. 4, Disease—sinus. Operation—incision, Chloroformed at the Afzulgunj 
Hospital at 8h, 29m, Os. by Miss E, A. Lawrie. Full anesthesia at 8h, 31m, 30s.; 
continued until 8h, 37m, 5s. 


Observations. 


HM. 8. : 

A. 8 29 0,—Chloroform on cap ; erying but breathing regularly. 
B, 8 29 55,—Cap close to face ; regular respirations, 24 a minute, 
C, 8 30 45,—Coughing, 

D, 8 31 10,—Noisy expiration, 

E. 8 31 30,—Cornea insensitive and breathing stertorous simulta- 


neously, Stop chloroform; afterwards adminis- 
tration kept up till 8h, 37m. 5s, 
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August 29th, 1891.—No, 297, 

‘Temperature of room 74:79 F, Sick} M 
wtat, 40, Chloroformed at the Afealging eee male, Peer Mahomed, 
E. A. Lawrie. Full anesthesia at 8h, 45m; 255 ee ah éh, 41m, 20s, by Miss 

£98, Continued until 8h, 46m, 80s, 
Observations, 
H, M. 8, 
: 2 : = mec on cap ; blowing regularly. 
: ‘ i OreHogales breathing ; twenty-eight times in a minute, 
/ C- 8 “2 40.—Holding breath ; cap entirely removed. 
D. 8 42 50,—Gasped fresh air ; cap brought close again, 
E. 8 43 0.—regular breathing, 
F, 8 43 30,—While more chloroform was being poured into the cap, 
took three breaths of pure air, 
G, 8 43 50,—Irregular breathing ; one breath of pure air, 
r H. 8 44 30.—Regular breathing ; 26 respirations in a minute, 
T, 8 44 50,—Struggling ; one breath of pure air. 
J. 8 45 5,—Noisy expiration, 
K. 8 45 25,—Stertorous breathing ; stopped chloroform, 
L, 8 45 28,—Cornea insensitive. Administration continued after- 
wards until 8h, 46m, 30s. 
August 29th, 1891.—No, 298, 

Temperature of room 747° F, Delicate Hindoo child, Nagamah, tat. 6. 
Disease—abscess. Operation—incision. Chloroformed at Afzulgunj onesie 
at 8h, 52m. 10s. by Miss EB. A. Lawrie, Full anesthesia at 8h, 538m, 5s, Con- 
tinued until 8h, 59m, 30s. 

Observations. 
Hy My 8. ; ie 
A. 8 52 10.—Chloroform on cap ; breathing feat ar. a 
( B. 8 52 45,—Cap close ; regular respirations, 28 io eee 
y C. 8 53 5,—-Cornea insensitive. Chloroform stopped, an 


continued until 8h. 59m, 30s. 
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August 29th, 1891—No, 299. | 
August 29th, 1891—No, 300, 


| Temperature of room 80:5° F, Sickly Hindoo female 


abscess. Operation—incision. Ghlorofor 
: ‘aa rmed 
student Miss Williams at 9h. 47m, 30s Tee 


Continued until the oper: 


Temperature of room 747° F, Unhealthy Hindoo male, Jumnadas, wtat, 30, 
Disease—abscess, Operation—incision. Chloroformed at the Afaulgunj 
Hospital by Surgeon-Major Lawrie at 9h, 33m, 5s, Anwsthesia complete at 9h, 
35m, 46s., and continued until 9h, 37m. 30s. 





wtat. 32, Disease— 
ulgunj Hospital b 

: Anesthesia compl ti y 
ation was finished at 9h, 54m, Ree ete at 9h, 52m, 15s, 


Observations. 


Observations. 
ee. Cnty 5 H. M. 8. 

A, 9 38 5—Chloroform on cap; regular respirations, 36 a minute, A. 9 47 30.—Chloroform on Cap ; respirations regular, 17 per minute 
; B Py yee} "ta es * 4 7 

B. 9 38 15.—Cap brought close to face. Regular breathing. ‘ : B. 9 48 25.—Regular breathing, 24 in a minute, 

2 Moist } C. 9 49 50.—Moving hands, 
—Nois ration, ee 

(co), (3) ai asi0) nee expiration D. 9 50 10,—Talking, 

D, 9 34 5,—Talking. KE, 9 50 15,—hregular breathing ; one breath of pure air, 

E, 9 34 25—While more chloroform was being poured on to the cap F, 9 50 50.—While more chloroform was being poured on to the cap, 

two breaths of pure air were taken. took two breaths of pure air. 


F. 9 35 5.—Violent struggling ; regular breathing. G. 9 52 15,—Cornea insensitive. Cap was afterwards re-applied 


: until 9h. 54m, 15s. when th i ‘ 
G. 9 385 30,—Noisy expiration. when the operation was finished, 


, y st 2 OL eiNaaE 
H. 9 35 45,—Cornea insensitive. Stopped chloroform, Chloroform August 29th, 1891.—No, 301, 


afterwards administered until 9h, 37m, 30s. Temperature of room 80°5° F. Weakly Hindoo male, Parwaty Ram, tat. 30. 
z Disease—abscess. Operation—incision, Chloroformed at the Afzulgunj 
Chloroform was administered in Case No. 299 by the surgeon, The Hi spital by student Krishtiah at 10h. 4m, 50s, Anesthesia complete at 
students were becoming timid, in consequence, it was supposed, of the 10h. 8m. 50s, Continued until 11h, 20m. 0s. 
weekly reports of deaths under anesthetics in the English medical journals ; ' 
and were taking from six to eight minutes to produce anesthesia instead of Observations. 
from three to five. In Case No, 299, full anwsthesia was produced, with regular H, MB 


breathing throughout the administration, in two minutes and forty seconds. 10 4 50.—Chloroform on cap. 


> 


Dr. Lawrie afterwards said, “T never wish you to give chloroform against B, 10 5 15.—Very rapid respirations, 52 a minute. 
time, but, provided the respiration is normal, there is nothing to be gained by | ; on 

; sae se ; ©. 10 5 30.—Noisy expiration. 
slow anesthesia. If the breathing is regular you need not be anxious about 16, Shits eee 
the patient, as no danger can arise before anwsthesia is complete, whether the D, 10 6 50. Breet Teeueans ‘ & 
chloroform is administered slowly or quickly. Until the stage of complete BE, 10 7 30.—Struggling ; one breath of pure air. 
narcosis is reached therefore your anxiety should be to make the patient breathe F. 10 8 30,—Talking. 


10 8 50,—Cornea insensitive. Chloroform stopped. Continued 
afterwards until the operation was finished at 


10h. 20m. Os. 


regularly while he inhales the anasthetic, and you should not allow him to 
; inhale any chloroform when the breathing is irregular. Beyond this you need 
a haye no anxieties whatever,” 


ip) 


48 


AT TIMMS 





a: aa 


Mon 


: 
v 


* 
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August 31st, 1891—No. 302. 


Temperature of room 75:8°F, Healthy Mahomedan male, Mahomed 
Karimoolla, etat. 22. Disease—Fibroid tumour of scrotum, Operation—excision, 
Chloroformed at the Afzulgunj Hospital by Shivram Balkristna (his first 
administration) at 7h. 51m, 45s, Full anesthesia at Th, 57m, 53s ; continued 


until 8h, 8m, 45s. 
Observations. 


eeMiee 8; 
51 45,—Chloroform on cap ; blowing hard, 40 times a minute, 


1 
2 10,—Cap brought close to face. 


or 


20,—Apneea ; cap entirely removed. 
52 35.—One breath of pure air. Cap re-applied, 


52 55,—Regular respirations, 20 a minute. 


aoe CTO we 
fon MC fr (=) 
or 
is} 


53 25.—While more chloroform was being poured on to the 
cap, took three breaths of pure air. 


@ 
_ 
ox 
co 


55,—Regular respirations, 24 a minute, 
0.—Moaning. 


I. 7 55 55—While more chloroform was being poured on to the cap, 
took four breaths of pure air. 


J. 7 56 30.—Snoring. 


K, 7 57 50.—While more chloroform was being poured on to the cap, 
took two breaths of pure air, 


The cap was not re-applied till later as, while the chloroform was being 
renewed, and before any more was inhaled, the cornea became insensitive 
and the breathing stertorous. 


August 31st, 1891.—No. 303. 


Temperature of room 75:8° F. Thin Mahomedan male child, Fakeer 
Mahomed, wtat. 5. Disease—stone in the bladder. Operation—lateral lithotomy. 
Chloroformed at the Afzulgunj Hospital at 8h. 31m. 15s., by student Shivram 
Balkristna. Full anesthesia at 8h. 33m. 45s, Continued until 8h. 44m, 30s. 


| 
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Observations. 
H. M. 8 

A. 8 31 15.—Chloroform on cap ; regular crying respirations, 36 a 
minute. 

B. 8 31 50.—Still crying ; breathing irregular. One breath of pure 
air. 

C. 8 31 55.—Cap brought close to face ; respirations 32, regular. 

D. 83 


32 50.—While more chloroform was being poured on to the cap, 
took five breaths of pure air, 

E. 8 33 

F. 8 33 45.—Cornea insensitive ; stop chloroform, The administra- 

tion was afterwards continued until the dressing 

was completed at 8h. 44m, 30s, 


August 31st, 1891.—No, 304, 


0.—Regular breathing. 


Temperature of room 75'8° F. Emaciated Mahomedan male, Peer Mahomed, 
wtat. 46. Disease—siricture of the urethra. Operation—Holt’s dilatation of 
the stricture, Chloroformed at the Afzulgunj Hospital at 8h, 50m. 45s. by 
student Shivram Balkristna. Full anesthesia at 8h, 54m, 30s., continued 
till 8h. 55m, 30s. 


Observations. 


H, M, 8. 

A. 8 50 45.—Chloroform on cap; rapid blowing, 44 times a minute. 
B. 8 51 10.—Cap brought close to face. 

C. 8 52 15.—Regular respirations, 20 a minute. 

D. 8 53 5,—Moving arms and legs. 

E. 8 53 25.—While more chloroform was being poured on to the 


cap, took three breaths of pure air. 


F. 8 53 55.—Iregular breathing ; one breath of pure air. 
G, 8 54 20.—Noisy expiration. 


H. 8 54 30,—Cornea insensitive. Stopped chloroform. 


August 31st, 1891.—No, 305. 


Temperature of room 81:7° F. Sickly Hindoo male, wtat. 48, Disease— 
abscess. Operation—incision, Chloroformed at the Afzulgunj Hospital at 
9h, 4m, 10s, by Miss E. A. Lawrie. Full anesthesia at 9h. 7m, 30s. Continued 
until 9h, 10m. 30s. 
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Observations, 
8. 
10,—Chloroform on cap; breathing regular, 32 times a 


minute. 
55.—Cap brought close to face. 
55.—Struggling ; one breath of pure air. 


50.— Do, do. do. 
10.—Regular respirations, 20 in a minute. 
45,—While more chloroform was added to the cap, 


took four breaths of pure air, 
0. 


20,—Noisy expiration and moaning. 


Regular respirations, 24 a minute. 





80.—Cornea insensitive ; chloroform stopped, and after- 
wards continued until the dressings were applied, 


August 31st, 1891.—No, 306, 


Temperature of room 81°7° F, Sickly Mahomedan male, Mahomed Ismael, 


tat, 51, Disease—cellulitis, 
Afzulgunj Hospital at 9h, 17m, 30s, by Miss E, A, Lawrie. 


Chloroformed at the 
Full anesthesia 


Operation—incisions. 


at 9h, 23m. 0s ; continued till 9h. 27m, 30s, 


SiS 


HH, 
9 


wonwoo D9 wo 


M. 
17 


19 
20 
20 


21 
21 
21 
22 
22 
23 


Observations, 
8. 
30.—Chloroform on cap; rapid regular breathing, 40 
in a minute, 
50.—Regular breathing, 20 in a minute, 
5,—Coughing, 
40.—While more chloroform was being added to the cap, 
took four breaths of pure air, 
10,—Noisy expiration, 
25.—Violent struggling, Regular breathing, 
45,—One breath of pure air, 
15._Struggling ; regular breathing. 
45.—Snoring, 
0,—Cornea insensitive. Stopped chloroform. Continued 
afterwards until 9h. 27m. 30s. 
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September, Ist. 1891—No. 307. 


Temperature of room 76°5°F, Sickly Hindoo male, Boochaya, stat. 32. 
Disease—granular lids, Operation—division of the tarsal cartilages. Chloro- 
formed at the Afzulgunj Hospital at 7h, 53m. 50s. by Miss E. A. Lawrie, 
Full anesthesia at 7h. 59m. 25s,, kept up until 8h. Im, 5s. without more 
chloroform. 

Observations. 
His (Mame 
50,—Chloroform on cap ; blowing: vigorously, 28 times a 
minute. 





B. 7 54 30.—Apnoea ; cap entirely removed. 

J. 7 54 45,—One breath of pure air ; cap re-applied. 

D. 7 55 0.—Regular slow respirations, 16 a minute. 

E. 7 57 15.—Took two breaths of pure air while more chloroform 
was being poured into the cap. 

I. 7 57 45.—Holding breath ; cap.entirely removed. 

G. 7 58 0.—Gasped pure air; breathing regular. Cap re- 
applied. > 

H 58 55.—Noisy expiration. 

I. 7 59 25,—Cornea insensitive. Stopped chloroform. 


September 1st, 1891.—No, 308, 


Temperature of room 766° F. Strong Hindoo male, Ramanna, état. 25. 
Disease—suppurating bubo, Operation—excision of inguinal glands, Chloro- 
formed at the Afzulgunj Hospital at 8h. 17m, 40s. by student Shivram 
Balkristna, Full anesthesia at 8h, 23m. 20s. Anesthesia maintained until 
8h, 26m, 15s, 


Observations, 
H, My o8, 
40,—Chloroform on cap ; blowing very rapidly, 52 times 
a minute. 


B. 8 18 15,—Blowing 68 times a minute. 
C. 8 18 40.—Apneea ; cap entirely removed, 


50,—One breath of pure air, followed by regular breath- 
ing, 20 times a minute. Cap re-applied, 
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8. 
30.—Apnoea ; cap entirely removed until 8h. 20m, 20s, 
(50 seconds.) 
20.—One breath of pure air ; cap re-applied, 
0,—Noisy expiration. 
25.—Two breaths 
chloroform, 


of pure air while adding more 


40,—Noisy expiration. 
20,—Cornea insensitive. Anzsthesia maintained by giy- 


ing more chloroform from time to time until 
8h, 26m, 15s, 


September Ist, 1891.—No, 309. 


Temperature of room 766° F, Old worn-out feverish Mahomedan male, 


Dawod Khan, etat. 81. 


Disease—cat-bite. Temperature in mouth 102'7° F, 


Operation—excision, Chloroformed at the Afzulgunj Hospital at 8h, 32m, 20s, 
by Miss Lawrie, Fully anesthetised at 8h, 36m. 40s. 


& 


Auer eR Orava 


© o 


co 0 © @ © © C8 @ 


M. 
32 
33 


33 
33 
34 
34 
34 
35 
36 
36 
37 


Observations, 


20,—Chloroform on cap ; rapid blowing, 52 times a minute 


5.—Cap brought close to face ; regular breathing, 32 
a minute, 


20.—Apnoea ; cap entirely removed, 
30.—One breath of pure air ; cap re-applied. 
0.—Struggling ; breathing regular. 
40,—Holding breath ; cap entirely removed. 
55.—Gasped pure air ; regular breathing, Cap re-applied. 
165.—Siruggling ; regular breathing. 
0.—Noisy expiration ; 36 respirations a minute. 
4(0,—Cornea insensitive ; stopped chloroform. 


5.—Stertorous breathing ; no more chloroform had been 
administered from 8h, 36m. 40s, (Vide remarks 
after Case No, 278.) 


{ 
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September 1st, 1891.—No. 310. 


Temperature of room 76°6° F. Worn out old Mahomedan Kurreemudin, 
wtat. 71. Disease—senile hypertrophy of prostate. Operation—perineal 
section, Chloroformed at the Afzulgunj Hospital at 8h. 48m, 50s. by Shivram 


Balkristna, Full anesthesia at 8h. 51m, 45s. Continued until 8h, 56m. 0s. 
Observations. 
Hi My = By 
A. 8 48 50.—Chloroform on cap; blowing gently 88 times a 


minute, 


B. 8 49 30.—Cap brought close to the face ; regular breathing 36 


per minute. 


C. 8 49 50,—Coughing. 

D. 8 50 10.—Regular respirations ; 28 a minute. 

E. 8 50 25.—Talking. 

F. 8 50 35,—Struggling ; regular breathing. 

G. 8 51 10.—Noisy expiration ; 32 respirations a minute. 

H. 8 51 45,—Cornea insensitive ; stopped chloroform, Continued 


afterwards until the operation was finished at 
8h. 56m. 50s, 


September Ist, 1891,—No, 311. 


Temperature of room 83°5° F, Sickly Mahomedan male, Sayyed Mohidin, 
etat, 45. Disease—fistula in ano, Operation—incision, Chloroformed at the 
Afzulgunj Hospital at 9h, 52m. 50s. by student Shivram Balkristna, Full 
anesthesia at 9h. 56m. 45s. Continued until 10h, 1m. 5s, 


Observations. 
InepG eLfSh 
A. 9 52 50,—Chloroform on cap ; blowing very rapidly, 60 times 
a minute, 
B. 53 20.—Apneea ; cap entirely removed. 
C. 53 35,—Took one breath of pure air ; cap re-applied. 


45,—Regular respirations, 24 a minute, 








one breath of pure air. 


do. do. 










55 30, Noisy expiration. 
, 60,—Holding breath ; cap entirely removed. 
15,—Gasped in pureair; cap re-applied ; regular breathing. 









25,—Moaning. 


66 45,—Stertorous breathing ; cornea at same time insen- 
Pik, sitive. Stopped chloroform; afterwards con- 
tinued until 10h, 1m, 5s. 


‘September 2nd, 1891.—No, 312. 


erature of room 72'9° F’. Delicate Hindoo child, Baloo, wtat. 4. Disease 
_ Operation—circumcision, Chloroformed at the Afzulgunj Hos- 
35s. pax student Miss Williams. Full anesthesia at 7h. 24m. 0s., 















Observations, 

8. 

1 22 35.—Chloroform on cap ; crying. 

i ; 23 25,—Regular respirations, 24 a minute. 


ah BA 0.—Cornea insensitive ; stopped chloroform ; anesthesia 
i afterwards kept up in the usual way until the 
operation was finished at 7h, 28m, 30s. 


: ve 2nd, 1891.—No. 313. 


ise e iiaitigu<axciaion: ‘Ghibrofermed 
— Sh by Vis E A, Lawrie, Full anes- 


ee 
Anes Hon maintain d until the operation w was finished 
ER tk a iicy teenie 
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Observations, 

HM. & : 

45.—Chloroform on cap; regular gentle ee 24 
times a minute. ; 


to 
oo 
So 


B. 8 1 80.—Cap close to face, 

C. 8 1 40.—Talking ; breathing regular, 

D. 8 2 45,—Regular respirations, 20 a minute, 

E. 8 8 10.—Took three breaths of pure air while more chloro-— 
form was being added to the cap, 

Fk, 8 4 0,.—Regular respirations, 20 a minute. 


G. 8 4 55.—Snoring ; took two breaths of pure air while more — 


chloroform was being added to the cap. 


Il. 8 5 10,—Moaning. 
I. 8 5 45,—Snoring, 
8 6 20,—Cornea insensitive ; stopped chloroform, Anaesthesia 


was subsequently kept up in the usual way until 
8h. 15m, 30s, 


September 2nd, 1891.—No, 314. 

Temperature of room 774° F, Sickly old Hindoo, Syanna, ewtat. 75. 
Disease—panophthalmitis. Operation—excision of the eye-ball, Chloroformed 
at the Afzulgunj Hospital at 8h. 44m, 5s, by Miss E. A, Lawrie. Full 
anesthesia at 8h, 48m, 50s. Continued until 8h, 55m, 15s, 


Observations. 
Bs PAC) ous 
A, 8 44  5,—Chloroform on cap ; blowing 32 times a minute, 
B. 8 44 85.—Cap close to face ; regular breathing, 
©. 8 45 55.—More chloroform ; three breaths of pure air. 
D. 8 46 45,—Moyig arms, 
EB. 8 47 15,—More chloroform ; two breaths of pure air, 
F. 8 47 20.—Struggling ; regular breathing. 
G. 8 48 5.—WNoisy expiration, 
H. 8 48 30,—Snoring, ; 
I. 8 48 50—Cornea insensitive ; stopped chloroform ; anesthesia 


afterwards kept up in the usual way until the 


operation was finished at 8h, 55m, 15s, — 
49 an k 











ee re ee 


reel ald a 





September 2nd, 1891.—No. 315. 


Temperature of room 77'8° F. Strong healthy male, Kishen Singh, stat. 28, 
Disease—necrosis of lower jaw. Operation—removal of dead bone. Chloroform- 
ed at the Afzuleunj Hospital at 9h. 3m, 40s. Full anesthesia at 9h. 10m. 10s, 


Observations. 


He My, 28. 
A, 9 3 40—Chloroform on cap ; rapid blowing, 54 a minute. 
B. 9 4 25.—Cap brought close to face ; respirations regular, 28 a 
minute. 





©. 9 5 30.—Regular breathing, 24 a minute. 


D. 9 6 0,—Took three breaths of pure air while more chloroform 
was poured into the cap. 
HE. 9 6 45,—Coughing. 
F, 9 7 15,—Moaning. 
G. 910 10.—Cornea insensitive ; stopped chloroform. 
September 3rd, 1891,—No. 316, 
‘Yemperature of room 73°6° F, Healthy Mahomedan male, Syed Abdul 
Wahab, «tat. 32. Disease—stricture of the urethra and retention of urine. 
Operation—catheterism, Chloroformed at the Afzulgunj Hospital at 7h. 56m. 


40s. by Shiyram Balkristna, Full anesthesia at 8h. Om, 20s. ; continued until 
8h, 2m, 30s. 


Observations. 


H. M, & 


> 
~ 


56 40.—Chloroform on cap ; blowing rapidly 40 times a minute. 
B. 7 57 0.—Cap close to face ; regular breathing 32 a minute. 

C. 7 57 40.—Holding breath ; stopped chloroform ; cap entirely 
removed, 


1S 
= 


57 58.—Gasped pure air ; chloroform again. 
E. 7 58 15.—Regular respirations, 20 a minute. 


F. 7 58 40.—Took two breaths of pure air while chloroform was 
being poured into cap. 
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H. Ms ° 

G, 7 58 55,—Ivregular breathing ; one breath of pure air. 

H. 7 59 15.—Regular breathing, slow and moaning, 16 a minute, 

I. 7 59 40.—Prolonged moaning expirations, 

J. 8 0 20.—Cornea insensitive ; chloroform stopped. Immediately 
afterwards the chest was heaving, but no air was 


entering. The jaw was pushed forward, and the 
breathing became at once normal. 


September 8rd, 1891,—No. 317. 


Temperature of room 745° F, Sickly Mahomedan male, Nanna Sahib, zetat. 
64, Disease—suppurating hydrocele. Temperature in rectum 103:4° F. before 
the operation. Operation—excision of part of sac. Chloroformed at the 
Afzulgunj Hospital at 8h, 44m. 30s. by Shivram Balkristna, Full anesthesia 
at 8h, 48m, 30s,; continued until 8h, 51m, 15s, 


Observations. 
H, M. 8, 
A, 8 44 30.—Chloroform on cap ; rapid noisy blowing, 56 times a 
minute. . 
B. 8 45 20.—Cap close to face. 
C, 8 45 40,—Apnoea ; cap removed. 
D, 8 45 55,—One breath of pure air. Chloroform again. 
E, 8 46 15.—Regular respirations, 20 a minute. 
F. 8 46 50.—Took three breaths of pure air while more chloroform 


was added to the cap. 


G. 8 47 20,—Moying arms and legs ; talking incoherently. 
H. 8 47 45.—Struggling ; one breath of pure air. 

I, 8 48 20,—Spluttering and snoring. 

J, 8 48 380,—Cornea insensitive ; stopped chloroform, 


‘a 


8 48 50.—Stertorous breathing ; jaw pushed forward ; normal 
respiration, 


L. 8 51 15.—Operation finished, 
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September 8rd, 1891.—No. 318. 


Temperature of room 74:5° F, Very sickly Hindoo male, Kristna, stat. 25. 
Me eding gangrene. Operation—exploration. Chloroformed at the 
Afzulgunj Hospital at 9h. 24m. 50s, by Shivram Balkristna. Full anesthesia 
at 9h, 30m. 5s. 

Observations. 


H. M. 8, 

A, 9 24 50.—Chloroform on cap ; blowing 40 times a minute. 

B. 9 25 20.—Cap close to face ; coughing. 

O. 9 26 10.—Took one breath of pure air while more chloroform 
was added to the cap. 

D. 9 26 45.—Strugeling ; one breath of pure air. 

B. 9 27 10.—Regular respirations, 28 a minute. 

F. 9 28 55.—Took three breaths of pure air while more chloroform 
was poured into the cap. 

G. 9 29 10.—Snoring. 

H, 9 30 5,—Cornea insensitive ; stopped chloroform. 


September 8rd, 1891,—No, 319, 


Temperature of room 74°5° F. Old decrepit Mahomedan, Sayyad Ashraf, 
wtat. 82. Disease—senile hypertrophy of the prostate. Operation—perineal 
section, Chloroformed at the Residency Hospital at 11h, 30m, 15s, by student 
Ismail Khan, Full anesthesia at 11h. 33m, 50s. ; continued until the operation 
was finished at 11h, 37m, 15s, 


Observations. 


H, M, 8. 


2 


11 30 15.—Ohloroform on cap; blowing gently 36 times a 
: minute. 


11 30 45.—Cap close to face, 
11 31 5,—Regular breathing, 28 times a minute, 
11 31 30.— Do. do. 20 do. do. 


11 31 50.—Took two breaths of pure air while more chloroform 
was added to the cap, 


eaoaw 
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H. M. 
F. Hf 32 45.—Holding breath ; cap entirely removed. 
G, 11 33 15.—Gasped pure air ; chloroform again. 
H. 11 33 40.—tregular breathing ; one breath of pure air, 
I, 11 33 50.—Snoring ; cornea insensitive ; stopped chloroform. 


Continued afterwards till the operation was finished 
at 11h. 37m, 15s. 


September 4th, 1891.—No. 320, 


‘Temperature of room 72°9° F, Weakly emaciated Hindoo male, Lutchannah, 
wtat. 31. Disease—tliver abscess. Operation—aspiration. Chloroformed at 
the Afzulgunj Hospital at 7h. 5m, 25s, by Shivram Balkristna, Full anesthesia 
at Th, 9m, 30s. ; continued until 7h. 12m, 30s. 


Observations. 
H. M. 8. 
25.—Chloroform on cap; blowing rapidly, 50 times a 
minute. 


AY 


1 
or 


B. 7 6 15.—Cap close to face ; regular respirations, 44 a minute, 
C. 
D, 


~ 
«1 


45.—Regular respirations, 20 a minute. 


~_ 
[e<} 


25.—Took three breaths of pure air while more chloroform 
was added to the cap, 
EK, 7 9 15.—Noisy expiration, 
F. 7 9 30,—Cornea insensitive ; stopped chloroform ; continued 
afterwards until Th, 12m, 30s, 
September 4th, 1891.—No. 321. 

Temperature of room 72°9° F, Weakly Hindoo male infant, Gunguloo, 
wat. two months. Disease—abscess, Operation—incision. Chloroformed at the 
Afzulgunj Hospital at 8h. 34m. 45s. by Miss Williams, Full anesthesia at 
8h, 36m. 5s. Continued until 8h. 39m. 30s. 


Observations. 
i. M. 8, 
A, 8 34 45.—Chloroform on cap ; erying and coughing, 
B. 8 35 15.—Regular respirations, 48 a minute, 
C. 8 36 25.—Cornea insensitive ; stopped chloroform, Continued 
afterwards until 8h. 39m. 30s, 











mS Sic y Hindoo male, Sayboo, etat. 25, ~ 
excision of the inguinal glands, Chloroformed at 


ja at 8h, 36m, 35s, Continued until 8h, 42m, 30s. 


Observations. 
HM. 8 
8 82 10.—Chloroform on cap; blowing patty, 44 times a minute, 


8 32 50.—Cap close to face ; regular respirations, 20 a minute. 
8 83 20.—hregular breathing, one breath of pure air. 
8 33 30.—Regular respirations, 24 a minute. 


Boom > 


8 34 30.—Took two breaths of pure air while more chloroform 
was added to the cap, 


8 385 0.—Struggling, one breath of pure air. 

8 35 15.—Regular breathing, 28 times a minute. 
8 35 55.—Snoring. 

8 36 20.—Spluttering. 


8 36 35.—Cornea insensitive and breathing stertorous simul- 
taneously ; stopped chloroform ; anesthesia after- 
wards kept up till 8h. 42m. 30s. 


September Sth, 1891.—No. 323. 


aah es 


Temperature of room 74°5°F, Weak Hindoo child, Nursoo, etat. 2. 
‘Disease—abscess. Operation—incision. Chloroformed at the Afzulgunj 
38 Hospital at 8h. Adm, 54s. ae Miss Williams. Full anesthesia at 8h, 47m, 50s. 


Observations, 
HM. 8 
8 45 55.—Chloroform on cap ; crying. 
. 8 46 30.—Cap close ; regular respirations, 27 a minute. 
8 47 40.—Took four breaths of pure air while more chloro- 
form was added, 
8 47 50.—Cornea insensitive ; stopped chloroform ; con- 


tinued afterwards until the dressings were 
applied at 8h, 51m, 30s. 


f ospital at 8h, 32m. 10s. by Shivram Balkristna. Full anes. 
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September 6th, 1891.—No, 324, 


Temperature of room 77°4° F, Very old Hindoo female, Kundee, wtat, 84, 
Injury—compound fracture of the right leg. Operation—amputation below 
the knee. Chloroformed at the Afzulgunj Hospital at 9h, 45m. 55s. by Miss 
E, A, Lawrie. Full anesthesia at 9h, 48m, 10s, Continued until the operation 
was finished at 10h, 25m, Os. 


Observations. 


Ayo My A ; 
9 45 55.—Chloroform on cap; breathing regularly and talking. 
9 46 5.—Struggling ; regular breathing, 


9 46 25,—Cap close to face ; regular respirations, 20 a minute. 


D. 9 47 0.—hregular respiration and struggling ; one breath of 
pure air ; regular breathing. 
Kk. 9 47 15.—Took three breaths of pure air while chloroform 


was being poured on to cap. 
, asta nae 
F. 9 47 30.—Spitting. 


G. 


[J=) 


47 35.—Regular breathing, 24 a minute. 


H. 9 48  5,—Cornea insensitive ; stopped chloroform. Anves- 
thesia afterwards maintained in the usual way 
till the operation was finished and the dressings 


applied at 10h, 25m. 0s. 


September 7th, 1891.—No, 825. 


‘Temperature of room 74°9° F. Strong, muscular Mahomedan male, — 


excessively excited and nervous, Rusool Mahomed, «tat. 28. Disease 
epithelioma of skin of back. Operation—excision, Chloroformed at the Afzul- 
gunj Hospital at 8h. 52m. 35s. by Shivram Balkristna, Full anesthesia at 8h. 
57m. 0s. Continued until the operation was finished at 9h, 15m. 30s, Vomited 
a small quantity of bile at 9h. 16m. 10s, 





























).—Strugele ; one breath of pure air. 

8 Bde: “40. —Violent struggling ; one breath of pure air. 

64 55, —Sereaming ; breathing regular. 

ce: 5.—One breath of pure air. 

8 56 - 0,—Took two breaths of pure air while more chloroform 

was added to the cap. e 

36 45,—Snori ing loudly. 

8T 0,—Cornea insensitiv e ; stopped chloroform, 

BT 35. —Breathing stertorous ; jaw pushed forward, yen 


ing regular at once, 


This case is another example of anesthesia deepening after discontinuance _ 
nhalation of pote. This eae * to occur in 1 patients be aro 


i - patients of this iad that, nee is so liable. to take sete td 
gerlanation of what happens 1 is to be found in Experiment No. 64, 


: ate September 7th, 1891.—No, 326., 


emperature of room 77°7° F, Weak sickly anemic Hindoo male, Bala 

, etat, 28. Disease—strangulated inguinal hernia, Operation—hernio- 
| the radical cure. Chloroformed at the Afzulgunj Hospital at 9h. 23m. 
i m 1 Balkristna. Full pe eather at 9h. 28m. 15s, ; continued until 


| 
| 
} 


